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Introduction to Circuits and VLSI

Introduction to Engineering

What is engineering?

What are a few examples of things that have been engineered?

Engineering combines knowledge of what three things to create new ideas?

1.



2.



3.



The Engineering Design Process

Engineers must follow a specific process – we can’t just “Guess and check”

What is the most important aspect of the engineering design process?
Engineering is really an example of what skill?

The Steps of the Engineering Design Process

1. Identify the Need

2. Define Problem

3. Search for Solutions

4. Identify Constraints

5. Specify Evaluation Criteria

6. Generate Alternative Solutions

7. Analysis

8. Mathematical Predictions

9. Optimization

10. Decision 

11. Design Specifications

12. Communication

Why do we go to all this trouble?

Step 1: Identify the Need

· Before we can design something, we have to know what to design!

· Is there something people need or want that they do not have?

· Often a client will come to you with an idea

Step 2: Defining the Problem

What questions do we need to ask in order to define the problem?

Step 3: Search for Solutions

Ask yourself:

· What has been done in the past?

· What ideas do we have to make this better?

Remember:
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	There is no single “correct” solution in engineering!

There are always multiple solutions to every problem. There can be a “best” solution, but right now we are looking for any solution.


Step 4: Identify Constraints

What is a constraint?

What are the two types of constraints in an engineering problem?

1.



2.



Step 5: Specify Evaluation Criteria


How do we know when we are done or have created a successful product?


Examples:

· When the memory in an iPod fits in a small container.

· When the power used in a discman is small enough that the battery lasts over 4 hours.

Step 6: Generate Alternative Solutions

· What is Plan B?

· How can we make our plan even better?

Step 7: Analysis

What guidelines are used to determine which possible solution is picked?

1.



2.



Step 8: Mathematical Predictions

· Engineers predict how things will behave using mathematics and science

· They can make design decisions based on this information

Example: Designing a Car

· Gas prices are a big concern right now, so cars should get better mileage

· A big factor in mileage is air resistance, so what do we want to fix?

Step 9: Optimization

What is optimization?

What two things do we want for a design?

1.



2.



Step 10: Decision 

· Which design do we use?

· Which are the most important elements of the design?

· This is where you finalize your design and say “Yes, this is how we are going to build it”

Step 11: Design Specifications

During this step, engineers

· Define what the product will be

· Move from design phase to production

What are the products of this step of the design process?

1.



2.



3.



Step 12: Communication

· Now the engineers must tell other people about their design

· An idea or prototype cannot do much good unless people know about it!

· Write papers, manuals, etc.

Engineering: The Endless Possibilities

Fill in the following table with the given information.

	Engineering Field
	What do they do?
	Examples

	Aerospace Engineering
	
	

	Biomedical
	
	

	Chemical Engineering
	
	

	Civil Engineering
	
	


Engineering: The Endless Possibilities

Continued

	Engineering Field
	What do they do?
	Examples

	Computer Engineering
	
	

	Electrical Engineering
	
	

	Mechanical Engineering
	
	

	Systems Engineering
	
	


Introduction to Electricity

A Few Physics Basics

The Six Basic Units
· Everything in physics must have a unit

· A unit identifies which quantity is being measured

· All complex units, like the Newton (N), can be expressed in terms of six basic units

	Quantity
	Basic Unit
	Symbol

	Length
	Meter
	m

	Mass
	Kilogram
	kg

	Time
	Second
	s

	Electric Current
	Ampere
	A

	Thermodynamic Temperature
	Kelvin
	K

	Luminous Intensity
	Candela
	cd

	Amount of Substance
	Mole
	mol


These units are all based on the International System of Units (SI Units).
SI Prefixes
· These units use 20 different prefixes to denote the relative size of each measurement.

· Each prefix is connected with a power of 10 using scientific notation

	Power of 10
	Name
	Symbol
	
	Power of 10
	Name
	Symbol

	24
	Yotta
	Y
	
	-1
	Deci
	d

	21
	Zetta
	Z
	
	-2
	Centi
	c

	18
	Exa
	E
	
	-3
	Milli
	m

	15
	Peta
	P
	
	-6
	Micro
	μ

	12
	Tera
	T
	
	-9
	Nano
	n

	9
	Giga
	G
	
	-12
	Pico
	p

	6
	Mega
	M
	
	-15
	Femto
	f

	3
	Kilo
	k
	
	-18
	Atto
	a

	2
	Hecto
	h
	
	-21
	Zepto
	z

	1
	Deka
	da
	
	-24
	Yacto
	y


If you are planning to be an engineer or a scientist, you must learn femto through giga. The sooner you get comfortable with them, the better off you will be!
Static Electricity
The Atom
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	What is an atom?

What particles make up an atom? Where are they located?

What determines what kind of element each atom is?




Periodic Table of the Elements

The periodic table of the Elements gives several pieces of information for each element. Label each part of Silicon’s symbol on the periodic table.


[image: image5]
The atomic number tells us the number of what particle?

The atomic weight is the average number of what two particles together?

A neutral atom has equal numbers of which two particles?

What is an ion?

Charge is an electrical property of atomic particles and is measured in Coulombs (C). What is the charge of each of the following particles?


Protons:


Electrons:


Neutrons:

When we say that “charge moves,” what is really moving?

Conservation of Charge: Charge cannot be created or destroyed

“Charge Carriers”

· Electrons

· Negative charge carriers and are able to move around atoms

· Mass of 9.11 X 10-31 kg

· Charge of -1.6 X 10-19 C

· Holes

· Positive charge carriers

· Holes are really just the absence of electrons

Question: How many electrons are in one coulomb?

Static Electricity

When electrons are stationary or moving relatively slowly relative to each other, what do we call it?

Charge can build up on things without really “flowing,” and this excess charge can be discharged onto another object. What are a few examples of this? 

Objects with like charge tend to repel each other. Objects with different charge tend to attract each other.

In the following drawings, indicate which direction the hanging rod will swing:


[image: image6]

[image: image7]
We can also induce charge to move around in an object. In the picture below, draw where the positive and negative charges will be in the piece of metal after the positively charged rod is brought close to it.


[image: image8]
If you touched these two objects now, the negative charge would jump off onto the rod, making it neutral. Would the piece of metal be charged now? Is it positive or negative?

Current, Voltage, and Electrical Power
Static electricity describes electrons moving around between a small number of atoms in one or two objects. What is it called when electrons move in a constant direction at a constant speed?

Current is officially the measure of what two quantities?

Direction matters with current values. We define current as the direction that holes are “moving.” It is easier to say that current actually moves in the direction opposite the direction of electron movement.


[image: image9]
Moving Electrons

Electrons can only move freely around some atoms, based on the type of atom.

What is a conductor?

What is an insulator?

What is a semiconductor?

Current

· Current is actually the average forward movement of all electrons

· Current is measured in Amperes or Amps (A) which is coulombs per second

· Current is represented by the variable letter I
· Direct Current (DC)

· Electrons flow in one direction at a constant speed

· Provided by batteries, used by computers

· Alternating Current (AC)

· Electrons flow in both directions (forward and backward) and a constantly changing speed

· Provided by wall outlets in homes

What makes current flow?

Voltage or Potential Difference

· Voltage is the “push” that makes electrons move

· Voltage is measured in Volts (V)

· Voltage is represented by the variable letter V
Voltage Sources

	
[image: image10]
	Voltage exists across the two terminals regardless of whether they are connected.

What is created when the two terminals are connected somehow?




Voltages sources convert energy into electrical energy.

Energy

Energy is the capacity to do work.

What are a few different kinds of energy?

Conservation of Energy – Energy is always conserved

· No energy is ever created or destroyed

· It can simply be converting from one type to energy into another

Motors and generators convert energy

· Motors turn mechanical energy into electrical energy

· Generators turn electrical energy into mechanical energy

In a hydraulic power plant, what form of energy is converted into electrical energy?

In a battery, what form of energy is converted into electrical energy?

Total Energy = Potential Energy + Kinetic Energy

Potential Energy is stored energy, usually based on position or height

Kinetic Energy is energy due to motion

Draw a diagram showing an example of mechanical energy – both potential and kinetic.
Now label the high and low potential points in a circuit.


[image: image11]
Power

· Power is the amount of energy used or created per second

· Measured in Watts (W) 

· In a circuit element, Power = Current X Voltage = I X V

· Voltage and current sources put energy into a circuit

· Circuit elements like resistors and light bulbs use energy

Basic DC Circuits

Basic Circuits

What are some common circuit components?

These things all use what two things?

1.



2.



What are two very common power sources?

The current that comes out of a power outlet is called 
.

The current that comes out of a battery is called 
.

	[image: image12.wmf]
	Direct current always has the same value!

Computers use direct current, so that is what we are going to use for this class.


Take a simple lamp as our circuit. We screw the light bulb into the lamp, plug the lamp into the power outlet, and then flip the switch on the lamp. This turns the light bulb on so that it makes light.

We draw circuit diagrams to describe something that we build. This diagram represents the lamp above:


[image: image13]
Label each of the elements of the diagram with the appropriate name.

When the switch is open, the light bulb is not lit.


[image: image14]
When the switch is closed, the light bulb is lit.


[image: image15]
Sometimes, we can have more than one switch in a single circuit. When you connect a lamp to an outlet that has a wall switch, this is what you are doing.

If you unscrew the lamp, it acts just as if you opened the switch.

Current moves around in a circle. If even a single connection is broken, the whole circuit will not work.

When we draw circuit diagrams we start out by using the following simple elements. Fill in the table with the name and description of each element.

	Circuit Diagram Symbol
	Element Name
	Description

	
[image: image16]
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	Building Circuits Worksheet

Build each of the following circuits with the components in your box. Complete as many circuits as you can.


Before you build the circuit, predict what you think will be the answers to the following questions. Circle your prediction. Then, build the circuit and make observations about the same questions. Circle your answer in the second section.

Circuit 1

	Circuit A


[image: image21]
	Circuit B


[image: image22]

	Prediction

	Compare the two circuits above. Which light bulb will be brightest?
	A
B 
Same



	Experiment

	Compare the two circuits above. Which light bulb will be brightest?
	A
B
Same




Circuit 2

	Circuit A


[image: image23]
	Circuit B


[image: image24]

	Prediction

	Compare the two circuits above. Which light bulb will be brightest?
	A
B 
Same



	Experiment

	Compare the two circuits above. Which light bulb will be brightest?
	A
B
Same




For the rest of the circuits, use two batteries end-to-end, like circuit 1.
Circuit 3

[image: image25]
	Prediction



	When the switch is open, which light bulbs are lit?


	A
B
Neither

	When the switch is closed, which light bulb will be brighter?
	A
B
Same



	Experiment



	When the switch is open, which light bulbs are lit?


	A
B
Neither

	When the switch is closed, which light bulb will be brighter?
	A
B
Same




Circuit 4

[image: image26]
	Prediction



	When the switch is open, which light bulbs are lit?


	A
B
Neither

	When the switch is closed, which light bulb will be brighter?
	A
B
Same



	Experiment



	When the switch is open, which light bulbs are lit?


	A
B
Neither

	When the switch is closed, which light bulb will be brighter?
	A
B
Same


Circuit 5


[image: image27]
	Prediction



	When the switch is open, which light bulbs are lit?


	A
B 
C
Neither

	When the switch is closed, which light bulb will be brightest?
	A
B 
C
Same



	Experiment



	When the switch is open, which light bulbs are lit?


	A
B 
C
Neither

	When the switch is closed, which light bulb will be brighter?
	A
B 
C
Same




Circuit 6

[image: image28]
	Prediction



	When the switch is open, which light bulbs are lit?


	A
B 
C
Neither

	When the switch is closed, which light bulb will be brightest?
	A
B 
C
Same



	Experiment



	When the switch is open, which light bulbs are lit?


	A
B 
C
Neither

	When the switch is closed, which light bulb will be brighter?
	A
B 
C
Same


Circuit 7


[image: image29]
	Prediction



	When the switch is open, which light bulbs are lit?


	A
B 
C
Neither

	When the switch is closed, which light bulb will be brightest?
	A
B 
C
Same



	Experiment



	When the switch is open, which light bulbs are lit?


	A
B 
C
Neither

	When the switch is closed, which light bulb will be brighter?
	A
B 
C
Same


Circuit 8


[image: image30]
	Prediction



	When the switch is open, which light bulbs are lit?


	A
B 
C
Neither

	When the switch is closed, which light bulb will be brightest?
	A
B 
C
Same



	Experiment



	When the switch is open, which light bulbs are lit?


	A
B 
C
Neither

	When the switch is closed, which light bulb will be brighter?
	A
B 
C
Same


Current, Voltage and Circuit Laws

Current Rules

	
[image: image31]
	Current must be the same in any single path.

In this circuit, the same current is flowing through both light bulbs, so the light bulbs light up equally bright.

	In this circuit, current has two different directions it can go – through light bulb A or through light bulbs B and C.

More current will travel through the “easier” path – so more current will travel through A.

Therefore, light bulb A is brighter than light bulbs B and C 
	
[image: image32]



Quick Definition

A node is a point in a circuit where one or more elements are connected. In circuit diagrams, connections at a node will be shown by a black dot where more than two elements are connected.

We cannot create or destroy electrons, so the current going into a node has to go out.


[image: image33]
Kirchoff’s Current Law says that “current in has to equal current out.” Mathematically, this means:

I1 = I2 + I3

Current, Voltage, and Circuit Laws (Continued)

Voltage Rules

	
[image: image34]
	Voltage must be the same across any elements that are connected at the same point in the circuit.

In this circuit, the voltage across the battery and light bulbs A, B, and C are all the same – equal to whatever voltage the battery makes.

	The amount of current in the circuit depends on the total voltage provided by the battery.

This light bulb is brighter than one with only a single battery because it has twice the voltage across it – and, thus, twice the current.
	
[image: image35]


Quick Definition

A loop is a path around a circuit that starts and ends at the same point. This is a complete path or circle through the circuit itself.

Voltages add around a loop and should add up to zero. These rules apply:

· A battery or voltage source cause a positive voltage change, so we add in its value

· A resistor, light bulb, etc. causes a voltage drop (a negative change in voltage), so we have to subtract its value


[image: image36]
Kirchoff’s Voltage Law says that all currents have to add up to be zero going around any loop. Mathematically, this means:

0 = Vs – V1 – V2 – V3

(or Vs = V1 + V2 + V3)

Resistors

What is conductance?

What is resistance?

Resistance is measured in Ohms (Ω).

Resistors

Resistors are devices that we can put in a circuit that have a fixed resistance and a current-voltage response that we know.

These are some resistors:

[image: image37.jpg]



The resistors we will use in class are primarily carbon film resistors, which are cheap and easy to make. These resistors can look like these:

[image: image38.png]



Resistors convert electrical energy into what other form of energy?

The value of a resistor is usually dependent on what things?

Ohm’s Law

Ohm’s Law describes the relationship of current and voltage in a resistor.

What is the equation for Ohm’s Law?

This means that current and voltage are linearly related.

Draw a graph that shows the current-voltage relationship in a resistor below.

The slope of the line is related to which property of the resistor?

Ohm’s Law

Ohm’s Law says that the current through a resistor is proportional to the voltage across the resistor.

For a resistor, V = I * R
Calculate V in the following circuits:

	[image: image39.emf]
	
[image: image40]


Calculate I in the following circuits.

	[image: image41.emf]

	[image: image42.emf]

	[image: image43.emf]
	[image: image44.emf]


Series and Parallel Resistors

When we have two resistors in one circuit, they can be in series or parallel (or neither):
· 2 resistors are in SERIES when they are connected at one and only one terminal AND the shared terminal is not connected to anything else

· 2 resistors are in PARALLEL when both of their terminals are connected together

In the following combinations, are the resistors R1 and R2 in series or parallel or neither?

	[image: image45.emf]
	[image: image46.emf]

	[image: image47.emf]
	[image: image48.emf]

	[image: image49.emf]
	[image: image50.emf]

	[image: image51.emf]
	[image: image52.emf]

	[image: image53.emf]
	[image: image54.emf]


Series and Parallel Resistors: 

Equivalent Resistance

Ohm’s Law still applies when we have multiple resistors, but sometimes we need to simplify the circuit a bit before we can solve it.

Note: “Solving a circuit” means that we know the current and voltage values in the circuit.
When two (or more) resistors are in series, their equivalent resistance is the sum of the values:


[image: image55]
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When two (or more) resistors are in parallel, their equivalent resistance can be calculated with this equation:

[image: image57]
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Calculate the equivalent resistance of the following resistor combinations:

	1)

[image: image59.emf]
	2)

[image: image60.emf]


	3)

[image: image61.emf]
	4)

[image: image62.emf]


5)

[image: image63.emf]
Ohm’s Law works with multiple-resistor circuits just like it does with single-resistor circuits.

Do these Ohm’s Law problems.

	1)  Calculate I

[image: image64.emf]
	2)  Calculate I

[image: image65.emf]


3)  Calculate R.
[image: image66.emf]
4)  Find I in the following circuit.

[image: image67.emf]
5)  Find I in the following circuit.

[image: image68.emf]
6)  Answer all the questions below about this circuit:

[image: image69.emf]
Calculate R1.

Calculate the voltages at A, B, C, and D

What is V1?

7)  Calculate all the labeled currents and voltages in the circuit below.

[image: image70.emf]
	V1 = 
	I =

	V2 =
	I1 =

	V3 =
	I2 =

	V4 =
	I3 =

	V5 =
	I4 =

	
	I5 =

	
	I6 =

	
	I7 =


Identifying Resistors

Resistors all look pretty much the same, but they can have very different values. A series of colored bands painted on the resistor can tell you the value of the resistor.
The resistor looks like this:
	[image: image71.png]



	What value is this resistor?


Follow these rules to identify the value of the resistor using the color bands identified above:

· 1st Value: the first number in the value
· 2nd Value: the second number in the resistor value.

· Multiplier: the number of additional zeroes in the resistor value.

· Tolerance: the true value of the resistor will be somewhere within either 5%, 10% or 20% of the value indicated by the colored bands.

The color codes are as follows:

	Color
	Meaning

	Black
	0

	Brown
	1

	Red
	2

	Orange
	3

	Yellow
	4

	Green
	5

	Blue
	6

	Violet
	7

	Gray
	8

	White
	9

	Silver
	10% Tolerance

	Gold
	5% Tolerance

	No 4th Band
	20% Tolerance


Now complete the following practice section, following the first example:

	1st Band
	2nd Band
	3rd Band
	4th Band
	Resistance
	+/- Tolerance

	Brown
	Black
	Red
	Gold
	1000 Ω
	5% (50 Ω)

	Orange
	Orange
	Red
	Silver
	
	

	Green
	Blue
	Red
	No Band
	
	

	Brown
	Black
	Orange
	Gold
	
	


Resistor Color Band Crossword Puzzle

	
	
	
	
	1
	
	
	
	
	2
	
	
	3
	
	
	
	
	
	
	4

	
	5
	6
	
	
	
	
	
	
	7
	
	
	
	
	
	8
	
	9
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	10
	
	
	
	

	11
	
	
	
	
	
	
	12
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	13
	
	
	
	
	
	
	
	
	

	
	
	
	14
	
	
	
	
	
	
	
	
	
	
	
	
	15
	
	16
	

	
	17
	
	
	
	
	
	
	
	
	
	
	
	18
	19
	
	20
	
	
	

	21
	
	
	
	
	
	
	
	
	22
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	23
	24
	
	
	
	
	
	

	
	
	
	
	
	25
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	26
	
	
	
	
	
	
	
	

	
	27
	28
	
	
	
	
	29
	
	
	
	
	
	
	
	30
	31
	
	
	

	
	
	
	
	
	
	
	32
	
	
	
	
	
	
	33
	
	
	
	
	

	34
	
	
	
	
	
	
	
	
	
	
	
	
	
	35
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	36
	
	
	
	
	
	
	
	
	
	37

	
	
	
	
	38
	
	
	
	
	
	
	
	
	
	
	
	
	39
	
	

	40
	
	
	
	
	
	
	
	41
	42
	
	
	43
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	44
	
	
	
	
	
	
	
	
	
	
	
	

	46
	
	
	
	
	
	
	47
	
	
	
	
	
	
	
	
	
	
	
	

	48
	
	
	
	
	
	
	
	
	
	
	
	
	
	49
	
	
	
	
	


Fill in the resistor value for the following color codes.

Across
1.
Brown Red Black

3.
White White Black

5.
Green Blue Red

7.
White Violet Red

9.
Orange Red Brown

10.
Green Grey Brown

11.
Yellow Red Yellow

12.
White Red Brown

13.
Violet Brown Yellow

14.
Yellow Black Orange

18.
Violet Red Black

20.
White Green Red

21.
Gray Violet Blue

22.
Green Black Black

23.
Orange Blue Orange

25.
Red White Orange

26.
Violet Red Red




27.
Red Brown Orange

30.
Gray White Orange

32.
Gray Green Yellow

34.
Yellow White Blue

35.
Gray Red Orange

36.
Yellow Yellow Yellow

38.
Brown Green Brown

40.
Brown Orange Orange

41.
Brown Blue Brown

43.
Orange Yellow Blue

47.
Violet Blue Yellow

48.
Blue Green Green

49.
Green Yellow Yellow


Down
1.
Brown Black Yellow

2.
Orange White Red

3.
White Black Orange

4.
Gray Black Orange

6.
Blue Red Brown

8.
Yellow Green Red

9.
Orange Black Brown

12.
White Gray Orange

13.
Violet Green Red

14.
Yellow Yellow Green

15.
Brown White Red

16.
Brown Black Green

17.
Orange Violet Red

19.
Red Gray Brown

22.
Green White Yellow

24.
Blue Violet Brown




25.
Red Green Orange

26.
Violet Violet Orange

28.
Brown Blue Green

29.
Yellow Gray Red

31.
White Violet Red

33.
Brown Gray Yellow

37.
Yellow White Yellow

38.
Brown Black Orange

39.
Violet Black Orange

42.
Blue White Red

43.
Orange Gray Brown

44.
Yellow Violet Black

46.
Red Blue Black

Experiment: Introduction to 
Laboratory Equipment and Resistors

Objectives

In this lab, you will learn how to use the laboratory equipment to build basic circuits and to measure voltage and current. You will also learn how to connect each circuit element together in order to build the desired circuit.

Supplies
· Breadboard

· 3 Resistors
· Voltage Source
· Multimeter

Voltage Sources
We will now start using a variable voltage source rather than a battery. The symbol for the DC voltage source is:

[image: image72]
Ground

You will always need to connect a lead to ground. Normally this is the black output from the voltage source. Remember that the symbol for ground is:

[image: image73]
Breadboards

You will use a breadboard to connect the circuit elements together. The breadboard looks like this:

[image: image74.png]



The rows of the breadboard are connected underneath the plastic board. In the following picture, metallic connections are represented by orange lines. To connect two elements together, push one lead of the first element into a row and one lead of the other element into the same row.
[image: image75.png]



Under no circumstances should both leads of any element be connected to the same row. This is a short in your circuit and could result in bad things.  

If you are trying to connect two elements in series, connect one lead of each element to a row on the breadboard. Connect the other two leads to two different rows.  
If you are trying to connect two elements in parallel, connect one lead of both elements to the same row and connect the other leads to the another row.
The Multimeter
We use a voltmeter, an ammeter, and an ohmmeter to measure voltage, current, and resistance, respectively. In our labs, we will use a multimeter as all three.

	The Voltmeter

The voltmeter measures both DC and AC voltage. It must be connected across whichever element you are trying to measure. Remember that any elements in parallel with have the same voltage across them. This diagram shows the correct connection of a voltmeter.
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	The Ammeter

The ammeter measures DC and AC current. It must be connected in series with whichever element you are trying to measure. Remember that current is the same in any single path through the circuit. This diagram shows the correct connection of an ammeter.
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	The Ohmmeter

The ohmmeter measures the resistance of a resistor or a network of resistors. 

Please note that you cannot use an ohmmeter while the circuit is powered up. This will cause problems!
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Part I: Resistor Values

You should have three resistors in your lab kit. We will start out by finding their designated values and their actual values.

Fill in the following table with the correct values. Start with the color bands and the “ideal” values of the resistors. Then measure the resistance with the ohmmeter and write your result.

	
	Resistor 1
	Resistor 2
	Resistor 3

	Color Band 1
	
	
	

	Color Band 2
	
	
	

	Color Band 3
	
	
	

	Color Band 4
	
	
	

	Ideal Value (Ω)
	
	
	

	Tolerance (%)
	
	
	

	Measured Value (Ω)
	
	
	


Part II: Ohm’s Law

Now you need to build the following circuit with one of the resistors. (Ignore the values in the diagram.)
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Make sure you hook up the multimeter to measure current in the resistor.

For this part of the lab, you will need to change the output of the voltage source. For each of the input voltage values below, measure the current through each resistor. It is suggested that you do all the measurements for one resistor before disconnecting the circuit.

	Voltage Source (V)
	Measured Current Value (A)

	
	Resistor 1
	Resistor 2
	Resistor 3

	-5 V
	
	
	

	-4 V
	
	
	

	-3 V
	
	
	

	-2 V
	
	
	

	-1 V
	
	
	

	0 V
	
	
	

	1 V
	
	
	

	2 V
	
	
	

	3 V
	
	
	

	4 V
	
	
	

	5 V
	
	
	


Using Ohm’s Law and any set of measured values above, calculate the value of all three resistors.

	
	Calculated Value (Ω)

	Resistor 1
	

	Resistor 2
	

	Resistor 3
	


Graph your results for current vs. voltage. For each resistor, you need to plot each point from the current measurements above and then connect them. You should end up with three separate lines – one per resistor.


[image: image80]
Your results should form straight or nearly straight lines. This is because of the linear relationship between current and voltage as described by Ohm’s Law.

Part III: Series and Parallel Resistors

Circuits can be more complicated when they have more than one resistor. Now you will look at a few of these networks.

A.
Resistors in Series

Build this circuit using your three resistors.
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Using the equations given in class, calculate the total equivalent resistance of the three resistors connected in this arrangement.

Now, use the ohmmeter to measure the total resistance of the network. Remember that all power to the circuit should be turned off before you use the ohmmeter.

These two values should match closely. If they do not, investigate why.

Use the multimeter to measure the following values:


[image: image82]
V1, V2, and V3 are the voltages at a particular position in the circuit. V4, V5, and V6 are the change in potential across the corresponding resistors.

	I = 
	

	V1 =
	

	V2 =
	

	V3 =
	

	V4 =
	

	V5 =
	

	V6 =
	


The rules of Voltage Division say that the voltage across any resistor in series is proportional to the ratio of that resistor to the total resistance of the circuit. The equation for this says:
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Using this equation, find V4 in the circuit above. Is the equation accurate?

B.  
Resistors in Parallel

Build this circuit using your three resistors.
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Using the equations given in class, calculate the total equivalent resistance of the three resistors connected in this arrangement.

Now, use the ohmmeter to measure the total resistance of the network. Remember that all power to the circuit should be turned off before you use the ohmmeter.

These two values should match closely. If they do not, investigate why.

Use the multimeter to measure the following values:


[image: image85]
	I = 
	

	I1 =
	

	I2 =
	

	I3 =
	


The rules of Current Division say that the current divides between resistors according to the following equation:
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Using this equation, find I3 in the circuit above. Is the equation accurate?
Have you ever heard the phrase, “Path of least resistance?” Notice that the 2kΩ resistor has the largest current. More electrons will travel through the smaller resistors, so the electrons follow the path of least resistance.

Experiment: DC Current-Voltage 
Characteristics of Common Circuit Elements

Objectives

In this lab, you will find the current-voltage characteristics of four common circuit elements, diodes, capacitors, and inductors.
Supplies
· Breadboard, wires

· Voltage Source

· Multimeter

· Diode, capacitor, and inductor

Part II – The DC Current-Voltage Characteristics of Diodes

Diodes are another common circuit element. A diode is similar to a resistor, but it is made out of a semiconductive material that only allows current to flow in one direction. In order for the diode to pass current, the voltage across it must have the right polarity. The two ends of the diode are called the anode and the cathode; current flows from the anode to the cathode but does not flow the other way. The cathode end of a diode is marked by a band around the body of the diode.

The symbol for a diode:


[image: image87]
Construct a circuit according to the diagram below. Be sure to put the diode in the correct direction.
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Change the power supply voltage (Vs) using the values in the chart below, and measure the output voltage (VD = Vout) and current through the diode. It is recommended that you do all of the voltage measurements first, and then change the circuit to do the current measurements.

Note that in order to do the negative voltages, you must switch the leads on the voltage source, so that the black lead is connected to the resistor and the red lead is connected to the diode.

	Vs (V)
	VD
	ID

	-20
	
	

	-15
	
	

	-10
	
	

	-5
	
	

	0
	
	

	0.25
	
	

	0.50
	
	

	0.75
	
	

	1
	
	

	5
	
	

	10
	
	

	15
	
	

	20
	
	


You should notice that the diode did not immediately turn on. At what value does the diode appear to turn on?

You should have also noticed that there was a maximum current through the diode. What was this maximum current?

The diode has a specific voltage where it is supposed to turn on. Often, this voltage is 0.7 V. Diodes are used whenever current must only travel in one direction. Diodes are often used in AC to DC converters and voltage rectifiers.

A Note About LEDs
During this camp, you will be using LEDs for your digital logic circuit outputs. These light emitting diodes behave just like normal diodes, except that they also convert electric energy to heat. There are two things that you need to remember about LEDs when you use them later on:

1. LEDs will only work if they are connected in the right direction. Many times you will turn on your circuit and not see an output light because you have the LED connected incorrectly.

2. LEDs have a maximum current, and currents above that value can destroy the LED. Every time you use an LED in a circuit, you must include a resistor as a protection against too much current.
Part II – The DC Current-Voltage Characteristics of Capacitors

Capacitors are energy storage devices that we use often in electrical circuits. Capacitors are constructed of two metal plates separated by a non-conducting material. Capacitors store energy in the form of an electrical field. Charge gets stored on each plate in the capacitor, and an electric field is formed between the two plates.
Build the following circuit:

[image: image89.png]



Vary the input voltage and measure the current and output voltages like you have before. Fill in the table.

	Measurements for 1 μF Capacitor

	Vs (V)
	Vout (V)
	I (mA)

	-4 V
	
	

	-3 V
	
	

	-2 V
	
	

	-1 V
	
	

	0 V
	
	

	1 V
	
	

	2V
	
	

	3 V
	
	

	4 V
	
	

	5 V
	
	


What was your result for current? What was your result for voltage?

A capacitor is made up of two metal plates that are completely insulated from each other. Because of this, current cannot flow between the two plates of the capacitor, and the current in the circuit is 0 A. The voltage drop across the resistor must be 0 V as a result, so Vc = Vs.

Part IV – The DC Current-Voltage Characteristics of Inductors

Inductors are another common circuit device. Inductors also store energy, but they store energy as a magnetic field. They are made up of coils of wire wound about a magnetic core.
Build the following circuit.

[image: image90.png]



Conduct the same experiment, this time measuring the voltage across the inductor and the current through the inductor. Fill in the table.

	Measurements for 10 mH 

	Vs (V)
	Vout (V)
	I (mA)

	-4 V
	
	

	-3 V
	
	

	-2 V
	
	

	-1 V
	
	

	0 V
	
	

	1 V
	
	

	2V
	
	

	3 V
	
	

	4 V
	
	

	5 V
	
	


What did you get for the voltage across the inductor?

Did the inductor seem to have any effect on the current in the loop at all?

Inductors are basically coils of wire. In a DC circuit, they will act just like a very long wire. Therefore, they have relatively little effect on the circuit as a whole.

Diodes

Diodes are semiconductor devices that limit the direction of current through the device

The current can flow from anode to cathode only:
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Note that the diode looks like an arrow – current can flow the direction the arrow points

The ideal current-voltage curve for a diode looks like this:
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This graph shows that the diode has two “regions” of response:

· When the voltage across the diode is less than 0.7 V, no current can flow through the diode and the voltage across the diode is equal to the input voltage

· When the voltage across the diode is more than 0.7 V, current can flow through the diode, but the voltage across the diode will always be 0.7 V

Threshold Voltage (Vt)
· The voltage when the diode will begin to allow current

· Usually this value is 0.65 V – 0.7 V, so we will estimate that it is 0.7 V

We can approximate this with a switch and a voltage source:

	[image: image93.emf]
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Diodes Practice #1

Find the current I in the circuit.

[image: image95.emf]
Find the voltages at point a and b (Va and Vb).

[image: image96.emf]
Diodes Practice #2

Find Va, Vb, Vc, and I in the following circuit.

[image: image97.emf]
Find Va, Vb, Vc, Vd, and I in the following circuit.

[image: image98.emf]
Find Va, Vb, Vc, and I in the following circuit.

[image: image99.emf]
Diodes Practice #3

Circuit 1

[image: image100.emf]
	Find Va:
	Find I1:

	Find Vb:
	Find I2:

	Find Vc:
	Find I3:


Circuit 2

[image: image101.emf]
	Find Vx:
	Find Ia:

	Find Vy:
	Find Ib:

	Find Vz:
	


Diodes Practice #4

[image: image102.emf]
	Specify whether the following diodes are on or off:

D0:
ON
OFF

D1:
ON
OFF

D2:
ON
OFF

D3:
ON
OFF

D4:
ON
OFF


	Find the following voltages and currents:

Va:

Vb:

Vc:

I1:

I2:

I3:




Capacitors

· A capacitor is a device which stores energy in an electric field


[image: image103]
· Charge collects on the metallic plates, so that one becomes positively charged and the other is negatively charged

· Molecules in the dielectric material become polarized
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	Like a Water Tower

One way to visualize the action of a capacitor is to imagine it as a water tower hooked to a pipe. A water tower "stores" water pressure -- when the water system pumps produce more water than a town needs, the excess is stored in the water tower. Then, at times of high demand, the excess water flows out of the tower to keep the pressure up. A capacitor stores electrons in the same way and can then release them later.

From HowStuffWorks.com




Capacitance
	· Capacitance depends on the amount of charge stored on each plate at a given voltage
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· Capacitance of any two metal plates is calculated using the following equation:
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· A is the area of the plate that is facing the other plate
· The larger the shared area, the more charge can fit on the plate, and the larger the capacitance

· d is the distance between the plates – the field that attracts the electrons gets weaker over distance, so the capacitance is larger when the plates are close together
· ε is the permittivity of the dielectric (insulating) material
What are some applications of capacitors?

Rules of Capacitor Behavior

· A capacitor is an open circuit to DC – no current will flow through a circuit with a capacitor in series

· The voltage across a capacitor cannot change instantaneously – if voltage changed quickly, then we might have infinite current – which contradicts conservation of energy
	· When a battery is connected across the metal plates of a capacitor, charge builds up on the plates until the potential difference between the plates is the same as the voltage of the battery
	[image: image109.emf]+
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 Series and Parallel Capacitance

· We want to be able to find an equivalent capacitance for combinations of capacitors

· Capacitors in Parallel

· With several capacitors in parallel, we are increasing the area of the equivalent capacitor – so we must add the capacitance values together
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· 
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· Capacitors in Series

· With several capacitors in series, we are dividing the voltage among many capacitors– so we will be decreasing the effective capacitance


[image: image112]
· Just like resistors in parallel:
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· The equivalent capacitance is just like the equivalent resistance… use the same procedure to find Ceq but use the opposite equations

Capacitor Practice #1

What is the value of V, the voltage across the capacitor?


[image: image114]
What is the voltage V across the capacitor?


[image: image115]
Capacitor Practice #2

Calculate the charge on the capacitors below.
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Calculate the equivalent capacitance for the networks below.
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Capacitor Practice #3

Answer the following questions about this circuit. The switch closes at time = 0.


[image: image121]
Note that the value of the resistor does not matter in this problem.
You are given two scenarios below. Fill in the table by finding the values asked for.

	
	Scenario 1
	Scenario 2

	Starting voltages for V1, V2:
	V1 = 4 V before switch closes

V2 = 0 V before switch closes
	V1 = 4 V before switch closes

V2 = 2 V before switch closes

	What is the charge on C1 before the switch closes?
	
	

	What is the charge on C2 before the switch closes?
	
	

	What is I at time = 0 (right after the switch closes)?
	
	

	What is I at time = infinity?
	
	

	What is V1 at time = infinity?
	
	

	What is V2 at time = infinity?
	
	


Charging Capacitors

· Voltage cannot change immediately across a capacitor, since it has to wait for electrons to move onto the metal plates

· We have to charge up capacitors!

· The following circuit has a switch that closes at time = t0. The graph shows the capacitor charging up to the maximum voltage Vs.
	
[image: image122]
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Discharging a Capacitor

· When a capacitor is charged up by a battery, the capacitor will discharge after the battery is disconnected assuming that it has a path to ground
· In this case, we assume that the capacitor is already charged and v(0) will be specified or you will be able to calculate it

	
[image: image124]
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·  Rather than starting at 0 V and charging up to some maximum value, this time we are going to start at a maximum voltage and then discharge through the resistor

Capacitor Practice #4

Use this circuit to answer the following questions.

[image: image126.emf]
The switch is initially open and closes at t = 0. The value of Vc is initially 0 V.
1.
At t = 0 (right after the switch closes), what is I?

2.
At t = 0 (right after the switch closes), what is Vc?

4.
At t = infinity, what is I?

5.
At t = infinity, what is Vc?

7.
Graph Vc vs. time.

8.
Graph I vs. time. 
Capacitor Practice #5

Use this circuit to answer the following questions.

[image: image127.emf]
The switch is initially closed and opens at t = 0. The value of V1 is initially 0 V.
1.
At t = 0 (right after the switch opens), what is I1?

2.
At t = 0 (right after the switch opens), what is I2?

3.
At t = 0 (right after the switch opens), what is V1?

4.
At t = infinity, what is I1?

5.
At t = infinity, what is I2?

6.
At t = infinity, what is V1?

7.
Graph V1 vs. time.

8.
Graph I1 and I2 vs. time. 
Digital Circuits

Digital Concepts
What happens if you increase the sampling rate why/or why not is this a good idea?

Why is analog, in comparison to digital, a better way to store information?

Why is digital, in comparison to digital, a better way to store information?

Utilizing the two graphs below construct what the digital signal might look like. Use the vertical dotted lines as the points needing for sampling. 

Are the tow signals similar?
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Your Hand at DPI

· In groups of three our four split this picture with respect to the number of members in your group.
· Discuss how the division and how each picture will be combined.

· With out looking at one another, draw your section
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How did you do??
Binary and DPI Pictures-What is the Picture

Fill in the colors with the proper guidelines to see what the picture is?

00-

01-

10-

11-

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Numerical Base Conversions

BINARY

Fill the following table incrementally by one with binary value


-fill this value with ripple through/adder method

	Decimal
	Binary Value

	0
	
	
	
	
	

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	

	12
	
	
	
	
	

	13
	
	
	
	
	

	14
	
	
	
	
	

	15
	
	
	
	
	

	16
	
	
	
	
	


Fill this table with the corresponding Binary Values.


-Use the pattern method

	Decimal
	Binary Value

	0
	
	
	
	
	

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	

	12
	
	
	
	
	

	13
	
	
	
	
	

	14
	
	
	
	
	

	15
	
	
	
	
	

	16
	
	
	
	
	


Convert the following Decimal Values to Binary

1) 4(base ten)= ______________________________ (base 2)

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

2) 23(base ten)= ______________________________ (base 2) 

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______ 
___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

3) 45(base ten)=______________________________(base 2)

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

OCTAL

Fill the following table incrementally by one with octal values

	Decimal
	Octal

	0
	

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	

	13
	

	14
	

	15
	

	16
	

	17
	

	18
	

	19
	

	20
	

	21
	

	22
	

	23
	

	24
	

	25
	

	26
	

	27
	

	28
	

	29
	

	30
	


Convert the following Decimal values to Octal (use the space provided for any needed calculations)

1) 13(base ten)=____________(base eight)

___divided by ____=______ with a remainder of ______ 

___divided by ____=______ with a remainder of ______

___divided by ____=______ with a remainder of ______

*you can check your answer on the counting chart

2) 24(base ten)=____________(base eight)

___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______


*you can check your answer on the counting chart

3)35(base ten) =_____________ (base eight)

___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______

HEX

Fill in the following table with the corresponding Hex values

	Decimal
	Hex

	0
	

	1
	

	2
	

	3
	

	4
	

	5
	

	6
	

	7
	

	8
	

	9
	

	10
	

	11
	

	12
	

	13
	

	14
	

	15
	

	16
	

	17
	

	18
	

	19
	

	20
	

	21
	

	22
	

	23
	

	24
	


Convert the following Decimal values to Hex (use the space provided for any needed calculations)

1) 21(base ten)=__________(base 16)

___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______


*you can check your answer on the counting chart

2) 31(base ten)=_____________(base 16)

___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______

     ___divided by ____=______ with a remainder of ______


*you can check your answer on the counting chart

CONVERTING TO DECIMAL

BINARY to decimal:

1) 111(base two)=     __________ (base ten)

2) 101 (base two)=    __________ (base ten)

3) 10101(base two)=   __________ (base ten)

4) 11101(base two)=   __________ (base ten)

5) 10010(base two) =   __________ (base ten)

OCTAL to decimal

1) 7(base eight)=     __________ (base ten)

2) 10 (base eight)=    __________ (base ten)

3) 11(base eight)=   __________ (base ten)

4) 18(base eight)=   __________ (base ten)

5) 32(base eight) =   __________ (base ten)

HEX to decimal

1) 10(base two)=     __________ (base ten)

2) 15 (base two)=    __________ (base ten)

3) 20(base two)=   __________ (base ten)

4) 29 (base two)=   __________ (base ten)

5) 32 (base two) =   __________ (base ten)

Use the ASCII table below for the following questions. Follow the instructions. The first person to finish wins.
	Decimal
	Octal
	Hex
	Binary
	Value

	032
	040
	020
	00100000
	SP (Space)

	097
	141
	061
	01100001
	a

	098
	142
	062
	01100010
	b

	099
	143
	063
	01100011
	c

	100
	144
	064
	01100100
	d

	101
	145
	065
	01100101
	e

	102
	146
	066
	01100110
	f

	103
	147
	067
	01100111
	g

	104
	150
	068
	01101000
	h

	105
	151
	069
	01101001
	i

	106
	152
	06A
	01101010
	j

	107
	153
	06B
	01101011
	k

	108
	154
	06C
	01101100
	l

	109
	155
	06D
	01101101
	m

	110
	156
	06E
	01101110
	n

	111
	157
	06F
	01101111
	o

	112
	160
	070
	01110000
	p

	113
	161
	071
	01110001
	q

	114
	162
	072
	01110010
	r

	115
	163
	073
	01110011
	s

	116
	164
	074
	01110100
	t

	117
	165
	075
	01110101
	u

	118
	166
	076
	01110110
	v

	119
	167
	077
	01110111
	w

	120
	170
	078
	01111000
	x

	121
	171
	079
	01111001
	y

	122
	172
	07A
	01111010
	z


	1)
	01110011
	01110100
	01100001
	01101110
	01100100
	00100000
	01110101
	01110000

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2)
	01110011
	01100001
	01111001
	00100000
	01111001
	01101111
	01110101
	01110010

	
	
	
	
	
	
	
	
	

	
	00100000
	01101110
	01100001
	01101101
	01100101
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	3)
	01110100
	01110101
	01110010
	01101110
	00100000
	01100001
	01110010
	01101111

	
	
	
	
	
	
	
	
	

	
	01110101
	01101110
	01100100
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	4)
	01110111
	01110010
	01101001
	01110100
	01100101
	00100000
	01111001
	01101111

	
	
	
	
	
	
	
	
	

	
	01110101
	01110010
	00100000
	01101110
	01100001
	01101101
	01100101
	00100000

	
	
	
	
	
	
	
	
	

	
	01101111
	01101110
	00100000
	01110100
	01101000
	01100101
	00100000
	01100010

	
	
	
	
	
	
	
	
	

	
	01101111
	01100001
	01110010
	01100100
	
	
	
	

	
	
	
	
	
	
	
	
	


Logic Gates
Why would it be beneficial to utilize logic gates to obtain a desired output?

Match the following gates with the correct input output combinations. Also match the name of the gate with the correct written signal.
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Write the Truth table for the following gates.
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	   Input
	Output

	0
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	Input A
	Input B
	Output

	
	0
	

	
	
	

	
	0
	

	1
	1
	


	Input A
	Input B
	Output

	0
	
	

	0
	
	

	
	0
	

	
	
	


	Input A
	Input B
	Output

	0
	0
	

	
	
	

	1
	0
	

	1
	
	


	Input A
	Input B
	Output

	
	0
	

	
	
	

	1
	
	

	1
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What is the order of operations for the basic functions: ‘ or + or *

           
__________<____________<___________

Write down which property applies to each equation and finish the output.

(A+B)*C + D=___*___ + ___ * ___ + D   Property ___________________

(C+C’)=__________                                    Property___________________

(A+B)*1=___+___                                       Property___________________

X+0=___                                                       Property___________________

(X+C+D)’=___*___*___                             Property___________________

Activity: What is in the box?

In this activity, you are given 16 different truth tables with two inputs. Look at each of the circuits below and determine which of the truth tables describes the circuit. Write the letter next to the circuit.

Example:

	
[image: image128]

	X
	Y
	X’
	Y’
	X’●Y’

	
	0
	0
	1
	1
	1

	
	0
	1
	1
	0
	0


	
	1
	0
	0
	1
	0

	
	1
	1
	0
	0
	0


So the answer is B.

Truth Tables
	X
	Y
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P

	0
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	0
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1

	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1

	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
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	Truth Table ___________


	Truth Table ___________
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	Truth Table ___________


	Truth Table ___________
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	Truth Table ___________


	Truth Table ___________
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	Truth Table ___________


	Truth Table ___________
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	Truth Table ___________


	Truth Table ___________
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	Truth Table ___________


	Truth Table ___________
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	Truth Table ___________


	Truth Table ___________
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Simplify the Following Equations

1) C + (B*C)’

2) (A*B)’(A’ + B)(B’ + B)

3) (A + C)(A*D + A*(D’)) + A*C + C

4) (A’)(A + B) + (B + A*A)(A + B’)

Draw the circuit equivalent of the following circuits.

1) C’*(A+B)=X

2) (AB+CDE)’=X

3) A+B*(C+D)’=X

4) (A+BC)*(CD+DE)+F’=X
Write the Equations for the following circuits.
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F=_______________________________________
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a=_________________________________________
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F=______________________________________
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F=_________________________________
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F=___________________________________

What is similar between these three circuits? (make sure to find the final equation for all three circuits)
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Truth Tables
Why would it be beneficial on a truth table to label the inputs incrementally starting form 00 to the maximum limitations?

What happens if there is an input combination that you do not care what the output is? How should you handle it?

Put the correct inputs and outputs in the truth table in the correct order. We care about these inputs. Please label everything.

Inputs

Outputs

001

010

101

111

000

101

010

110

100

110

110

000

	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Identify if the truth table have all the correct traits, if not please list what is wrong.

Table A

	Inputs
	Output1
	Output2

	010100
	10
	011

	10001
	10
	111


How is table A?

Table B

	Inputs(A,B)
	Outputs(Q1, Q2)

	0
	0
	1
	1

	0
	1
	0
	0

	1
	0
	X
	1

	1
	1
	0
	0


How is table B?

Table C


	Input A
	Output X

	0
	1

	1
	1


How is Table C?

Table D

	X
	Y
	Z

	0
	1
	1

	1
	1
	0


How is table D?

When writing an equation from a truth table why might this become problematic?

What equation would result from the following truth table?

Fill in the Term column for the whole table.

	Inputs
	Outputs
	Term

	A
	B
	C
	D
	X
	Y
	

	0
	0
	0
	0
	0
	1
	A’B’C’D’

	0
	0
	0
	1
	0
	1
	

	0
	0
	1
	0
	1
	0
	

	0
	0
	1
	1
	1
	0
	

	0
	1
	0
	0
	1
	0
	

	0
	1
	0
	1
	0
	0
	

	0
	1
	1
	0
	0
	1
	

	0
	1
	1
	1
	0
	0
	

	1
	0
	0
	0
	0
	1
	

	1
	0
	0
	1
	1
	0
	

	1
	0
	1
	0
	0
	0
	

	1
	0
	1
	1
	0
	0
	

	1
	1
	0
	0
	1
	0
	

	1
	1
	0
	1
	0
	1
	

	1
	1
	1
	0
	1
	0
	

	1
	1
	1
	1
	0
	1
	


What is the Equation for X?

X=________ +________ +________ +________ +________ +________ 

What is the Equation for Y?

Y=________ +________ +________ +________ +________ +________

Lab Assignment

Introduction to Logic Gates and Logic Labs
Objectives

TI makes a very large number of logic chips. All of them have their own unique function, but they all work the same way. The goal of this lab is to familiarize yourself with the basic logic chips, as you will be using them quite during the rest of the camp.

Basic Procedure

For each of the gates outlined below, you will need to setup the chip correctly so that you can test its functionality. You will change the inputs to the chip and build a truth table of the outputs. From this truth table you should be able to determine the chip’s logic function.
A Note About the TI Chips
The TI chips all look very similar. The part number should be printed on the chip like “74LS08.”  Make sure that you are using the right chip, and if you have any questions, please ask.  I will give you a diagram that shows the pin numbers for each input to the chip.  Orient the chip in the right direction using the tab on the top of the chip.

For all the chips, you must connect GND to Pin 7 and +5 V (VCC) to Pin 14.  The gates will not function if these are not connected correctly.  Make sure that you connect them to the right pins.  Connecting them incorrectly will damage the chip.
Note that the input pins are denoted by letters low in the alphabet, A, B, etc. and the outputs are always denoted by Y.  The inputs and corresponding outputs are labeled with the same number.  Therefore, for a two-input gate 1A and 1B are connected to output 1Y.
For the first few logic gates, make sure you have the instructor check your circuit and ensure that everything is connected correctly.

Part 7404

[image: image405.jpg]


This logic gate has one input and one output.  On the diagram, the input is denoted A, and the output is denoted Y.

Make sure that the voltage source is set to 5V and the output is originally off.  Correctly connect Pin 7 to GND and Pin 14 to +5V.  

Now connect Pin 2 to an LED as demonstrated and connect Pin 1 to the one of the dipswitches.
Turn on the voltage source.  You can change the input values to the gate using the switch that is connected to pin 1.  Now look at the output of the gate, which is the LED.  When the LED is on, the output of the chip is 1; when it is off, the output of the chip is 0.

Using this information, you can now build a truth table for the gate.

	A
	Y

	0
	

	1
	


What gate is this?

Now try this same thing with input Pin 3 and output Pin 4.  Fill in the following truth table.

	A
	Y

	0
	

	1
	


Is this the same gate or is it different?  How is this helpful to us?
Part 7408 

[image: image406.jpg]


Turn off the voltage source.  Carefully remove the 7404 chip and put in the 7408 chip.  Again, connect Pin 7 to GND and Pin 14 to +5V.

Note that each gate has two inputs and one output.  This time you must connect both Pin 1 and Pin 2 to the signal switches on the logic lab.  Connect Pin 3 to the LED so you can see the output value of the gate.
Turn the voltage source on.  Again, you should be able to change the output value of the gate by changing the input switches.  Fill in the following truth table by changing the input switch values.
	A
	B
	Y

	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


What gate is this?

Unplug the input B, so that the pin is not connected to anything on the logic lab.  Fill in the following truth table:

	A
	Y

	0
	

	1
	


What does this chip do in this case?

Part 7432 
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This chip is laid out in the same way as most of the other two-input chips.  Set up the chip and test its functionality.  Fill in the truth table below and then answer the questions.

	A
	B
	C

	0
	0
	

	0
	1
	

	1
	0
	

	1
	1
	


What gate is this?

In class, you have learned the symbol that we use to represent this gate.  Draw the gate symbol below, and label the inputs with A and B and the output with Y.  Next to these letters, write the number of the pin that corresponds to each input and output.  Use the first gate on the chip (1A, 1B, and 1Y).

	Part 7400

Using the diagram below, connect the 7400 chip to the logic lab in the proper configuration.  Then test the chip and fill in the truth table next to the diagram.
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	What gate is this?  _______________________________

Part 7402

Look carefully at the diagram below.  You will need to test this chip just as you have tested the other chips up to this point.  This chip is a little different however.  You should notice that the output of first gate is on pin 1 instead of pin 3.  Make sure that you note this difference as you are setting up your circuit.

	[image: image153.png]w
1A
1B
2y
2A
28
GND






	A

B

Y

0

0

0

1

1

0

1

1



	What gate is this?  _______________________________


	Part 7410

Again, set up this gate and test its functionality.  Notice that in this chip, there are three inputs.  The inputs and outputs for a single gate are not always lined up nicely, either.  Notice that for gate number 1, the inputs are pins 1, 2, and 13.  The output pin for the gate is pin 12.  You will need to do eight combinations of inputs in order to completely fill out the truth table.
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	A

B

C

Y

0

0

0

0

0

1

0

1

0

0

1

1

1

0

0

1

0

1

1

1

0

1

1

1



	What gate is this?  _______________________________

Part 7486

Set up this circuit and test its functionality.  It is a two-input gate, and the pins are the same as most of the other two-input chips.

	[image: image155.png]1A Vee
18 48
% 4A
24 ay
28 38
2y 3A

GND 3y






	A

B

Y

0

0

0

1

1

0

1

1



	What gate is this?  _______________________________




Word Problems

Based on the word problem given in class (telling jack to sit)

	Inputs
	Outputs

	
	

	
	

	
	


What kind of problem can be modeled with a truth table?

A digital circuit has three inputs A, B, and C and two outputs X and Y. X is one if and only if an odd number of inputs are zero. Y is one if and only if A is one and C is one. Draw the corresponding truth table.

	Inputs
	Outputs

	A
	B
	C
	X
	Y

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Based on the information given in class for the car fill in the truth table

Specify what your inputs will mean:

Fill in the table:

	INPUT
	OUTPUT

	Key in ignition
	Key turned
	Engine turned
	Car Started

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


How would you go about writing an equation for the Jack example?

What would be the equation for the car example now that you have the relationship of the inputs? Make sure to label the inputs and outputs and the what the conditions mean.

	INPUT Conditions/Variable to be used
	Boolean value for condition

	
	
	
	

	
	
	
	

	
	
	
	


	Output
	Boolean value for condition

	
	
	


Relationship between Inputs:

Final Equation:

What do you think the equation for the candle should be?

Challenge Question: A security system was just installed in a home. However, the logic for the box on the wall has not yet been programmed. The person must first turn on the system and the signal must be received by the main control before there is any functionality. However, if there is anything wrong with the system the red light will always be on. If the front door is open a red light should be on. If the back door is open a red light should be open. If one of the two windows in the house is open, a red light should be on. The green light will not be on unless all other lights are not on (meaning all the doors and windows are closed). What would be the equation could be loaded into the box on the wall to properly let the system know when the house is not properly locked up? (Every window and door must have their own variable)

What are the conditions?

What are the inputs and outputs along with their variable?

What is the relationship?

What is the final equation?

K-maps and equations

Fill in the K-map with this given truth table

Make sure to label the k-map correctly.
	Inputs
	Outputs

	a
	b
	X

	0
	0
	1

	0
	1
	1

	1
	0
	0

	1
	1
	1


	
	
	

	
	
	

	
	
	


Fill in the k-map with the given truth table. Make sure to completely label the table.

	INPUT
	OUTPUT

	A
	B
	C
	D
	X

	0
	0
	0
	0
	0

	0
	0
	0
	1
	0

	0
	0
	1
	0
	1

	0
	0
	1
	1
	1

	0
	1
	0
	0
	1

	0
	1
	0
	1
	0

	0
	1
	1
	0
	1

	0
	1
	1
	1
	0

	1
	0
	0
	0
	1

	1
	0
	0
	1
	0

	1
	0
	1
	0
	1

	1
	0
	1
	1
	0

	1
	1
	0
	0
	1

	1
	1
	0
	1
	1

	1
	1
	1
	0
	0

	1
	1
	1
	1
	0


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Which circling of the following k-maps are incorrect and why? If they are correct please write the corresponding equation.
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With the given equation, fill in the truth table and k-map. Is the equation simplified?

F=ACD + BC’D’+ ABD+AD’

	INPUTS
	OUTPUTS

	A
	B
	C
	D
	F

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


The Final Equation is F=________________________________________

With the given equation, fill in the truth table and create the K-map. Is the equation simplified?

F=ABDE + A’BCDE’ +  BCDE  + A’B’C’D + ACD’E’ + ABC’D + ABCDE + A’BCD’E + AB + BCDE’+ABCDE’ + ABDE’

	INPUTS
	OUTPUT

	A
	B
	C
	D
	E
	F

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


From the Truth Table fill in the K-maps and circle the correct terms to find 

the final equation.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


The Final Equation is F=___________________________________________________________

Lab Assignment

Introduction to Logic Works
Overview
In this lab, you will learn how to use Logic Works, a computer simulation tool for logical circuits.  This lab provides information about how to build circuits and simulate various inputs and outputs.  For this lab, you will need to build two circuits that are given to you and generate their truth table using switches and probes.  You will also need to design your own circuit to implement a given equation and then analyze the circuit to discover its truth table.

I.  Building A Basic Circuit In Logic Works
When you open up Logic Works, you need to open a new document.  Logic Works may automatically open a blank document, or it may prompt you to open a new document.

For this part of the lab, you will be building the following circuit:
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Circuit A

There should be a window on the right side of the screen that has a list of parts.  If this does not appear on your screen, click on View ( Parts Palette in the program menu.  To place a part from this list, you must double click on the part’s name.  Move the cursor over the blank page on the left, and it will let you place the part somewhere on this page when you single left click.  You can search for part names using the Filter above the list of parts.  Most parts are named fairly simply, so if you want an OR gate, just search for “or.”  It will have many different options for the number of inputs; make sure you choose the correct gate.
To connect the gates together, click on the [image: image166.png]


 button at the top of the screen.  If this particular menu bar does not appear at the top of your screen, choose View ( Drawing Toolbar from the program menu.  You will need to click once on the output wire of one gate and then click once on the input wire that you want to connect to the output.

To provide inputs to the circuit, you will want to place “Binary Switches” into your schematic.  Be careful because once you place them, switches are very difficult to move.  The switches will automatically be set to zero; you can change the input value by clicking in the middle of the switch itself.  To look at the output, you will need to place a “Binary Probe” on the output of the last gate.  You can place probes on any signal or wire in the circuit to see what its value is.

You can name any wire to identify which signal it represents.  Click on the [image: image167.png]


 button at the top of your screen.  If you click on any wire while this tool is selected, it will let you name the wire.  Name your inputs and outputs like they are in the circuit diagram.

Once you have the circuit built, you can change the input values by clicking on the input switches.  Do this a few times to make sure that the circuit is working.  If the probe ever reads “Z” or “X,” then something is wrong.  You will need to fix the circuit.

First, predict what the output should be, and then use Logic Works to determine the output.

	A
	B
	C
	D
	Prediction X
	Lab X

	0
	0
	0
	0
	
	

	0
	0
	0
	1
	
	

	0
	0
	1
	0
	
	

	0
	0
	1
	1
	
	

	0
	1
	0
	0
	
	

	0
	1
	0
	1
	
	

	0
	1
	1
	0
	
	

	0
	1
	1
	1
	
	

	1
	0
	0
	0
	
	

	1
	0
	0
	1
	
	

	1
	0
	1
	0
	
	

	1
	0
	1
	1
	
	

	1
	1
	0
	0
	
	

	1
	1
	0
	1
	
	

	1
	1
	1
	0
	
	

	1
	1
	1
	1
	
	


What is the equation for this circuit?

II. Building a More Complicated Circuit In Logic Works

You will now follow the same procedure to build a more difficult circuit.  This time, you will need to build Circuit B exactly like it is shown below.  
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Circuit B

Instead of using switches for the inputs to this circuit, use clocks.  

Click on View and make sure there is a check next to Simulation Toolbar.

If you select a clock and then click on the [image: image169.png]


 button on the toolbar, it will allow you to change the period of that clock.  Change the clock representing E to have a low time of 80 ns and a high time of 80 ns.  Change F so that its values are both 40 ns.  Set G so that its values are 20 ns.

What do you think this will do?

Use the Letter tool to name the inputs and the outputs of the two or gates as I and J.  Then name the inputs to the other gates as I and J as well.  This is called a virtual connection.

What is the difference between a virtual connection and a “real” connection?  Is there any reason not using wires might help us out?

This time, instead of changing all the inputs, you can just simulate the circuit to get the answers to the truth table.  There should be a smaller window at the bottom of your screen.  Each time you name a wire, that name will show up in this list.  This is called a timing diagram.  You will be able to simulate circuits over time using this window.  This will be very important when you start making sequential circuits later on.  For now, we can use it to quickly go through all sixteen combinations of the input values.

To simulate the circuit, follow these steps:

1. Before running the circuit, click the [image: image170.png]


 button.  

2. Now you want to run the simulation, so click the [image: image171.png]


 button.  You can slow this down by moving the slide bar at the top.  

3. You can stop the simulation by pushing the [image: image172.png]


 button.  

You can also go one step at a time by pushing the [image: image173.png]


 button.  This will go much slower, but you will also have more control over the pace.  

In the timing diagram window, you should have something that looks like this (with a Y value):

[image: image174.png]300
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This shows all sixteen combinations of E, F, G, and H (and then some).  The black lines indicate zeros, and the red lines indicate ones.  You should now be able to read off the value of Y directly from this timing diagram. First predict the output and then write down the Logic Works result.

	E
	F
	G
	H
	Prediction Y
	Lab Y

	0
	0
	0
	0
	
	

	0
	0
	0
	1
	
	

	0
	0
	1
	0
	
	

	0
	0
	1
	1
	
	

	0
	1
	0
	0
	
	

	0
	1
	0
	1
	
	

	0
	1
	1
	0
	
	

	0
	1
	1
	1
	
	

	1
	0
	0
	0
	
	

	1
	0
	0
	1
	
	

	1
	0
	1
	0
	
	

	1
	0
	1
	1
	
	

	1
	1
	0
	0
	
	

	1
	1
	0
	1
	
	

	1
	1
	1
	0
	
	

	1
	1
	1
	1
	
	


Write out the equation for this circuit.

III.  Design Another Circuit

For this section, you will need to design a circuit that will implement the following equation.  Draw the circuit below.  

W = A’B’CD’ + ACD + B’C’D + AB

Now design the circuit that will implement this equation in Logic Works.  Now fill out the truth table for your circuit.  Label the input and the output columns appropriately.  Make a prediction first, so that you can verify your results.

	A
	B
	C
	D
	Prediction W
	Lab W

	0
	0
	0
	0
	
	

	0
	0
	0
	1
	
	

	0
	0
	1
	0
	
	

	0
	0
	1
	1
	
	

	0
	1
	0
	0
	
	

	0
	1
	0
	1
	
	

	0
	1
	1
	0
	
	

	0
	1
	1
	1
	
	

	1
	0
	0
	0
	
	

	1
	0
	0
	1
	
	

	1
	0
	1
	0
	
	

	1
	0
	1
	1
	
	

	1
	1
	0
	0
	
	

	1
	1
	0
	1
	
	

	1
	1
	1
	0
	
	

	1
	1
	1
	1
	
	


IV.  Design A Different Circuit

You will now design a circuit with the equation below.  Once again, draw the circuit in the space below the equation before you build it.
Z = (A’ + B’ + C’)(A’ + B)(A’ + C)(B + C)

Now fill out the truth table for your circuit.  Label the input and the output columns appropriately.

	A
	B
	C
	Prediction Z
	Lab Z

	0
	0
	0
	
	

	0
	0
	1
	
	

	0
	1
	0
	
	

	0
	1
	1
	
	

	1
	0
	0
	
	

	1
	0
	1
	
	

	1
	1
	0
	
	

	1
	1
	1
	
	


Lab Assignment

Binary Adders
Overview
In this lab, you will design your first digital circuit and then build it in hardware.  Now you will design a circuit that will add two bits and produce the sum and carry output.  The first part of this lab, you will design three different types of adders and then build them in Logic Works.  If you have time, you will build these three circuits in hardware.

Part I – Half Adder

The half adder performs the very basic function of a binary adder.  It adds two binary inputs together and then outputs the sum and carry bit.

Do the following binary addition problems.



0

0

1

1


+
0
+
1
+
0
+
1

Using the above addition problems, fill out the truth table.

	A
	B
	S
	Cout

	0
	0
	
	

	0
	1
	
	

	1
	0
	
	

	1
	1
	
	


What are the equations for the S and Cout variables?



S =



Cout = 

Build the circuit that implements the half adder using Logic Works.  Set up clocks and make a timing diagram that shows the proper operation of this circuit.

Part II – Full Adder

The full adder adds together the two inputs and a carry in bit.

Fill out the truth table for the full adder using your knowledge of binary addition.

	A
	B
	Cin
	S
	Cout

	0
	0
	0
	
	

	0
	0
	1
	
	

	0
	1
	0
	
	

	0
	1
	1
	
	

	1
	0
	0
	
	

	1
	0
	1
	
	

	1
	1
	0
	
	

	1
	1
	1
	
	


What are the equations for the S and Cout variables?



S =



Cout = 

Build the circuit diagrams for these two variables in Logic Works.

Part III – Two-Bit Adder

Using the full-bit adder, you can build a two-bit adder easily.  In this part of the lab, you need to build this adder in Logic Works.  Connect two copies of your full-bit adder together so that you form a two-bit adder.  Label your inputs as A0, A1, B0, B1, and C0.  Note that C1 should be internal to the circuit.

Fill in the truth table so that you can verify your results once you have built the circuit.

	B1
	B0
	A1
	A0
	C0
	S1
	S0
	C2

	0
	0
	0
	0
	0
	
	
	

	0
	0
	0
	0
	1
	
	
	

	0
	0
	0
	1
	0
	
	
	

	0
	0
	0
	1
	1
	
	
	

	0
	0
	1
	0
	0
	
	
	

	0
	0
	1
	0
	1
	
	
	

	0
	0
	1
	1
	0
	
	
	

	0
	0
	1
	1
	1
	
	
	

	0
	1
	0
	0
	0
	
	
	

	0
	1
	0
	0
	1
	
	
	

	0
	1
	0
	1
	0
	
	
	

	0
	1
	0
	1
	1
	
	
	

	0
	1
	1
	0
	0
	
	
	

	0
	1
	1
	0
	1
	
	
	

	0
	1
	1
	1
	0
	
	
	

	0
	1
	1
	1
	1
	
	
	

	1
	0
	0
	0
	0
	
	
	

	1
	0
	0
	0
	1
	
	
	

	1
	0
	0
	1
	0
	
	
	

	1
	0
	0
	1
	1
	
	
	

	1
	0
	1
	0
	0
	
	
	

	1
	0
	1
	0
	1
	
	
	

	1
	0
	1
	1
	0
	
	
	

	1
	0
	1
	1
	1
	
	
	

	1
	1
	0
	0
	0
	
	
	

	1
	1
	0
	0
	1
	
	
	

	1
	1
	0
	1
	0
	
	
	

	1
	1
	0
	1
	1
	
	
	

	1
	1
	1
	0
	0
	
	
	

	1
	1
	1
	0
	1
	
	
	

	1
	1
	1
	1
	0
	
	
	

	1
	1
	1
	1
	1
	
	
	


Simulate the circuit using clocks and produce a timing diagram that shows all 32 input combinations.  Print the circuit schematic and the timing diagram for this circuit and attach them to your report.

Part IV – Building the Circuit in Hardware

Using the circuit schematics from the Logic Works part of this lab, build the circuits to implement the half adder, full adder, and two-bit adder.  You will need to use the digital chips that you used in the first lab.  Please refer back to the first lab to remember how to connect the chips together.

Sequential Digital Circuits

Latches and Flip Flops

Sometimes we want time to affect our circuits, and we want our circuits to have an element of memory.

What are some digital circuits that depend on time?

For these circuits we need a simple memory element that keeps track of what is going on in the circuit. Draw the simplest memory element:

This memory element does not depend on time, so it is pretty limited.

Latches

A latch in the mechanical world is a lock – a door is either unlocked or locked.
A digital latch is a simple memory element that stores a value based on a clock value.


[image: image175]
· When the clock signal is 1, the output Q is the same as the input D.

· When the clock signal is 0, the output Q is the last input value D before the clock dropped to zero.

The D latch can be compared to a switch in the following way:

	When clock = 0:


[image: image176]
	When clock = 1:


[image: image177]


A Note About Clock Signals

· The clock is a signal that is common to every gate in a circuit

· Most clocks have a constant frequency

· The clock signal alternates from 0 to 1 with equal lengths of time for both parts of the signal

Example

Look at this latch with the inputs D and CLK (our clock signal), and our output Q.


[image: image178]
The following diagram shows the values of the clock input, D input, and Q output over time.
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Timing Diagrams for D Latches

Fill in the following timing diagrams to show each of the outputs for the four latches.
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D Flip Flops

Flip flops are like latches, except that they only store the value at the instant that the clock transitions from 0 to 1.

D flip-flops are built out of two latches, like this:
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The following diagram shows the same timing diagram as the latch example, but using a flip-flop. Note that there are a few differences.
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Timing Diagrams for D Flip Flops
Fill in the following timing diagrams to show each of the outputs for the four flip-flops. These are the same inputs as the latch activity but using flip-flops this time.
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D Flip Flops with Logic Inputs

D Flip Flops can have more complicated inputs as well. In the following diagrams, fill out the timing diagram for the output according to the inputs A and B.

[image: image182]
	CLK
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	A
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	B
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	D
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Q
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



[image: image183]
	CLK
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	A
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	B
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	D
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Q
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


D Flip Flops with Feedback
The output of the D flip flop can also be used to determined the next output of the D flip flop. This is called feedback when the output of a circuit is connected to its input.
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Sequential Circuits and State Machines

We use flip-flops to make complicated, time-dependent circuits called state machines.

What is a state?

What is a transition?

A circuit that makes an LED blink is a very simple state machine. To design this state machine, it is necessary to follow a set sequence of steps.

State Graph – a visual representation of the behavior of a circuit

· Circles represent states

· Arrows represent transitions

Draw the state graph for the blinker circuit.

Transition Table – this is a table similar to a truth table but shows the next state of the circuit

Fill in the following transition table for the blinker circuit.

	Current State
	Next

State

	
	

	
	


Often, we will assign a number to each state when they are not so simple as on and off. If we name our on state S0 and our off state S1, the transition table would look like this:

	Current State
	Next

State

	S0
	S1

	S1
	S0


Now that we have our transition table, we need to convert it to binary so that we can find a digital circuit that will produce the behavior we want.

Next State Table – This is our truth table.

A few things:

· We have two states for this circuit. We will say that off is represented by 0 and on is represented by 1 in binary. The number of states will always determine how many bits and flip flops we need per circuit.

· We will name our one variable A. Our next state variable, the output of our logic circuit and input of our flip-flop, will be A+.

Fill in the next state table for our blinker.

	A
	A+

	
	

	
	


Finally, we can find the equations for the next state. This equation is simple enough that you should not need to use K-maps, but normally you would.

What is the equation for A+ according to the truth table?

Now draw the circuit for this state machine.

Two-Bit Counter #1

You have just done a very simple design. Now you will try a more complicated state machine.

A very common type of state machine is a counter. This circuit does exactly what it sounds like – it counts through a sequence of numbers.

We will build a counter that counts (in binary) in the following sequence:

0 ( 1 ( 2 ( 3

Which, in binary, is?
00 ( 01 ( 10 ( 11

Draw the state diagram for this counter.

Now fill in the transition table.

	Current State
	Next

State

	
	

	
	

	
	

	
	


Because we have four states, we will need to use two variables for this circuit. Remember that we can count up to four with two bits. We will assign each of the natural numbers their binary numbers for the variable values.

	A
	B
	A+
	B+

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Fill in the K-maps below and then find the equations for A+ and B+.

	Truth Table for A+

B

A

0

1

0

1


	Truth Table for B+

B

A

0

1

0

1




What is the equation you got for A+?

What is the equation you got for B+?

Now draw the circuit for this state machine. Remember, you will need to use two flip-flops.

Two-Bit Counter #2
Try another counter design. This one counts in a slightly different order.

We will build a counter that counts (in binary) in the following sequence:

0 ( 2 ( 3 ( 1

In binary, this is:
00 ( 10 ( 11 ( 01

Draw the state diagram for this counter.

Now fill in the transition table.

	Current State
	Next

State

	
	

	
	

	
	

	
	


Because we have four states, we will need to use two variables for this circuit. Remember that we can count up to four with two bits. We will assign each of the natural numbers their binary numbers for the variable values.

	A
	B
	A+
	B+

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Fill in the K-maps below and then find the equations for A+ and B+.

	Truth Table for A+

B

A

0

1

0

1


	Truth Table for B+

B

A

0

1

0

1




What is the equation you got for A+?

What is the equation you got for B+?

Now draw the circuit for this state machine. Remember, you will need to use two flip-flops.

Counter Lab
Overview
In this lab you will take the skills you learn in Logic Works and use it to build a counter circuit. This lab will help you review many of the concepts you have learned in class and how to tie them all together. In this lab you will build the circuit in both logic works and on your breadboards.

Introduction
This lab will use d flip-flops, state machine, and combinational logic to create a circuit that will count up. The circuit will start from the zero state and continuously count up. Once it reaches the highest state it will than cycle around and start over.  This counter will be a three-bit counter. 

QUESTION: What is the lowest value that the counter will display?




______________

QUESTION: What is the highest value that the counter will display?




______________ 
Instructions 


Function: The counter is counting clock cycles. When the circuit is working properly the circuit should count up at each clock cycle. Once it reaches the max it should cycle through again.

QUESTION-In the space below indicate the fully cycle the counter will go through, in binary. There are more spaces than you need for a complete cycle, please continue to fill them in.

          (Start)  000

            _______

            _______

            _______

            _______

            _______

            _______

            _______

            _______

            _______


Inputs: Clock: As stated previously, this is the signal that will increment the counter


Outputs: Q0, Q1, and Q2: these are the signals that will display the results of the counter.

Procedure

Draw the state diagram for the system in the space provided below. Use State Names (such as S0, S1, S2….)

From the State Diagram, fill out the table below with the current state and the next state. There may be more space provided that you need.

	CURRENT STATE
	NEXT STATE

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


QUESTION-How many binary digits will it require to represent all of your states?

                ___________________________________________________

Apply a binary value to each state. Again there may be more space than you need.

STATE          BINARY VALUE

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

With the values you have associated with the states fill in the truth table below. Make sure to assign variable names where needed.

	CURRENT STATE
	NEXT STATE

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


With the information above fill in the truth table. Label everything. Make sure to fill out the current state portions just as you would the input section of a truth table.

	CURRENT STATE
	NEXT STATE

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


QUESTION – How many variables will be in your k-maps?

                        ___________________________________

QUESTION-What is the purpose of k-maps:

                      ​​​​​​​_________________________________________________

                      _________________________________________________

                      _________________________________________________

QUESTION – How many total k-maps will you need to use in order to have           

                        in order to account for all your variables ?

                        ___________________________________

Using the following k-maps and your truth table from before, fill in the k-maps, label everything. Write the final equation for your expression and answer all questions. You may not need all of the room in each k-map.
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Final Equation

____=_______________________________________________________
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Final Equation

____=________________________________________________________
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Final Equation

____=________________________________________________________

Below make a rough sketch of what your circuit for each equation should look like.

Circuit Diagram for ________

Circuit Diagram for ________

Circuit Diagram for ________

Addition- you have just decided that a clear signal would be helpful. A clear signal is to restart the system. 

QUESTION-What should the output be when the clear signal is given?

                      ______________________________________________

QUESTION-Why would a clear signal be useful?

                      _______________________________________________

                      _______________________________________________

                      _______________________________________________

                      _______________________________________________

With this in mind, there is a way that the clear can be implemented without directly being added into the logic.

QUESTION- How would this be done?

                        _______________________________________________

                        _______________________________________________

                        _______________________________________________

                        _______________________________________________

                        _______________________________________________

                        (if you need help please ask!!)

Using the logic from the previous lab, build your circuit in logic works. Make sure to include your clear signal. Once you get it working, have your circuit checked off(make sure to run your circuit through the whole cycle)
CHECK OFF-logic works circuit worked________________________

QUESTION-Why might it be a good idea to first build the circuit in logic 

                      before you build it in hardware?

                       _______________________________________________

                       _______________________________________________

                       _______________________________________________

                       _______________________________________________

Once you have a working circuit that has been checked off, you are now ready to build it in hardware. ALWAYS DOUBLE CHECK YOUR WORK before connecting to power! Nothing is quite as sad as when a chip dies. Ask if you have any questions

QUESTION-How might you show the output of the counter?

                      ____________________________________________

                      ____________________________________________

CHECK OFF-hardware counter works_____________________
Counter Up/Down Lab
Overview
As most projects in the engineering world go, everything will be in stages. Each project will build of one another. In this continuation of the lab you will be using a lot of your work and knowledge from the counter lab and adding functionality to your counter. This counter will have an input that will have your counter count up or down from it current position.

Introduction
Again, this lab will use logic works, hardware design, and state machines. This lab will still be a three-bit counter.  This lab will introduce another input. This input will tell the counter to count up or down. 

QUESTION-This additional signal, how will it operate(hint what does a high signal mean, what does a low signal mean)

                      ______________________________________________

                      ______________________________________________

Instructions 


Function: The counter should change output with every clock cycle. With the given input, when the input indicates the counter should count up, the circuit should count up. When the input indicates the counter should count down, the circuit should count down.


Inputs: U/D:signals weather or not the counter counts up or down. 

           Clock: As stated previously, this is the signal that will increment the counter.


Outputs: Q0, Q1, and Q2: these are the signals that will display the results of the counter.

Procedure

Draw the state diagram for the system in the space provided below. Use State Names (such as S0, S1, S2….)

From the State Diagram form the current state to the next state table. There may be more space provided that you need.

	CURRENT STATE
	NEXT STATE

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


QUESTION-How many binary digits will it require to represent all of your states?

                ___________________________________________________

Apply a binary value to each state. Again there may be more space than you need.

STATE          BINARY VALUE

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

______           ___________

With the values you have associated with the states fill in the truth table below. Make sure to assign variable names where needed.
	Input
	CURRENT STATE
	NEXT STATE

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


With the information above fill in the truth table. Label everything. Make sure to fill out the current state portions just as you would the input section of a truth table.

	CURRENT STATE
	NEXT STATE

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


QUESTION – How many variables will be in each your k-maps?

                        ___________________________________

QUESTION – How many total k-maps will you need to use in order to have           

                        in order to account for all your variables ?

                        ___________________________________

Using the following k-maps and your truth table from before, fill in the k-maps, label everything. Write the final equation for your expression and answer all questions. You may not need all of the room in each k-map.
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Final Equation

____=_______________________________________________________
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Final Equation

____=________________________________________________________
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Final Equation

____=________________________________________________________
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Final Equation

____=________________________________________________________

Below make a rough sketch of what your circuit for each equation should look like.

Circuit Diagram for ________

Circuit Diagram for ________

Circuit Diagram for ________

Circuit Diagram for ________

Using the logic from the previous lab, build your circuit in logic works. Make sure to include a clear signal. You may chose to implement the clear in the same manor that you did in the previous lab or a different method. Once you get your circuit working, have your circuit checked off(make sure to run your circuit through the whole cycle)

CHECK OFF-logic works circuit worked________________________

Once you have a working circuit that has been checked off, you are now ready to build it in hardware. ALWAYS DOUBLE CHECK YOUR WORK before connecting to power! Nothing is quite as sad as when a chip dies. Ask if you have any questions

CHECK OFF-hardware counter works_____________________

QUESTIONS- What did you like most about this lab?

	Vending Machine

Design Problem

Design, simulate, and build a circuit for a vending machine that sells gumballs for 25. The vending machine only takes nickels and dimes.
	[image: image186.wmf]


Context

A very simple finite state machine can be used to determine whether or not a gumball should be dispensed. Normally, a mechanical contraption would be used to determine the size of the coin and its value. The digital circuit would then travel through its set of states until it reaches the release state. This simple gumball vending machine requires exact change.

The Problem

The vending machine has two inputs, N and D. N will be 1 whenever a nickel is put into the slot, and D will be 1 whenever a dime is put into the slot. N and D will be 0 whenever a correct coin is not present. The vending machine does not give change. If someone puts in 30¢, the vending machine will give them a gumball but not 5¢.

Note: Switches will be used to represent the inputs N and D, rather than an actual coin-slot mechanism.

Would it be possible to have both N and D equal to 1? Why?

To simplify the logic and minimize the circuit for this design, the ND = 11 case will be do not cares.

The vending machine has one output, R for release. When R = 1, the vending machine releases one gumball and then immediately goes back to the starting state.

The vending machine’s circuit must have six states, for all combinations up to 25¢ that can be made out of nickels and dimes.

The Design

The states of the Moore Machine are defined as follows:

· S0 – 0¢ - The default starting state. No money has been inserted.
· S1 – 5¢

· S2 – 10¢

· S3 – 15¢

· S4 – 20¢

· S5 – 25¢ - The gum must be released in this state, and then the circuit should return to the default starting state.

Draw the state diagram for the vending machine circuit:

Now fill out the state transition table given below.

	Current State
	Logic Inputs - ND

	
	00
	01
	10
	11

	S0
	
	
	
	X

	S1
	
	
	
	X

	S2
	
	
	
	X

	S3
	
	
	
	X

	S4
	
	
	
	X

	S5
	
	
	
	X


Use this transition table and the given state assignments to fill out the next state table below.

	Current State
	State
	A+B+C+
Next State Values for

Logic Inputs - ND

	
	A
	B
	C
	00
	01
	10
	11

	S0
	0
	0
	0
	
	
	
	X

	S1
	0
	0
	1
	
	
	
	X

	S2
	0
	1
	1
	
	
	
	X

	S3
	0
	1
	0
	
	
	
	X

	S4
	1
	1
	0
	
	
	
	X

	S5
	1
	0
	0
	
	
	
	X


Now make the truth tables for A+, B+, and C+.

	Current State
	
	Next State A+
	
	Next State B+
	
	Next State C+

	A
	B
	C
	
	00
	01
	10
	11
	
	00
	01
	10
	11
	
	00
	01
	10
	11

	0
	0
	0
	
	
	
	
	X
	
	
	
	
	X
	
	
	
	
	X

	0
	0
	1
	
	
	
	
	X
	
	
	
	
	X
	
	
	
	
	X

	0
	1
	0
	
	
	
	
	X
	
	
	
	
	X
	
	
	
	
	X

	0
	1
	1
	
	
	
	
	X
	
	
	
	
	X
	
	
	
	
	X

	1
	0
	0
	
	
	
	
	X
	
	
	
	
	X
	
	
	
	
	X

	1
	0
	1
	
	X
	X
	X
	X
	
	X
	X
	X
	X
	
	X
	X
	X
	X

	1
	1
	0
	
	
	
	
	X
	
	
	
	
	X
	
	
	
	
	X

	1
	1
	1
	
	X
	X
	X
	X
	
	X
	X
	X
	X
	
	X
	X
	X
	X


Now fill in the K-maps for A+, B+, and C+. This will require a five-variable K-map.  You have two side-by-side four variable K-maps to help you.  Find the equations for the three next state variables.

	A+
A = 0

BC

ND

00

01

11

10

00 

01

11

10

A+ =
	A = 1

BC

ND

00

01

11

10

00 

01

11

10



	B+
A = 0

BC

ND

00

01

11

10

00 

01

11

10

B+ =
	A = 1

BC

ND

00

01

11

10

00 

01

11

10



	C+
A = 0

BC

ND

00

01

11

10

00 

01

11

10

C+ =
	A = 1

BC

ND

00

01

11

10

00 

01

11

10




You have now designed the Moore state machine that will run the vending machine.  Now you must determine the equation for the vending machine’s release mechanism.  Fill in the following truth table for the outputs.

	A
	B
	C
	R

	0
	0
	0
	

	0
	0
	1
	

	0
	1
	0
	

	0
	1
	1
	

	1
	0
	0
	

	1
	0
	1
	

	1
	1
	0
	

	1
	1
	1
	


Fill out the K-map and then derive the equation for the output variable R.

	R
BC

A

0

1

00 

01

11

10

R =


Simulation

You must now build this circuit in Logic Works using D flip-flops with Set and Reset.

We only have three-input NAND gates, as opposed to AND gates, so convert your equations to NAND-NAND circuits before you start building the schematic.

Use the TI Logic Chip parts in Logic Works (ie, the flip-flop is 74_74). These show the pin numbers for each of the chips, and this will be very helpful when you have to build the circuit.

Use a single LED to represent the release output. In a normal vending machine, this output would be connected to a different circuit that would release the gumball.

Check the timing diagram for the circuit to make sure that it does the right thing.

Print out the schematic from Logic Works so that you can refer to it while you build your circuit.

Building The Circuit

Now you must build the traffic controller. You will have access to any of the TI logic chips that are available, as well as LEDs and resistors.

You must connect the LEDs and resistors as was demonstrated in class. If you do not connect them correctly, too much current may damage the LEDs.

Use a dipswitch for the two inputs, N and D.

Expectations

You have all afternoon to complete this circuit. You will need to simulate it and demonstrate the circuit in hardware by the end of the afternoon.

The circuit must run efficiently and effectively with a clock of 1 Hz.

	The Traffic Light

Design Problem

Design, simulate, and build a traffic controller circuit that is capable of running a four-way intersection with a single left-turn arrow on the northbound lane.


	[image: image187.png]N






Context

The Fort Collins Department of Transportation has decided that a new traffic light controller is necessary at the intersection just North of the Engineering Building at Colorado State University. They have asked you and your partner to design a circuit that will control this intersection.

The Problem

The intersection looks like the picture below.  There are two signals that will tell the circuit whether traffic is waiting on the north-south street and the east-west street.  The northbound street also has a left-hand turn lane.
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	The circuit inputs are defined as follows:

· INS is the sensor for a car waiting in any lane of the N-S street (including the turn lane).

· IEW is the signal for a car waiting in any lane of the E-W street

· Each signal will be 0 when there are no cars waiting

· Each signal will be 1 when there is a car waiting


Each direction has one set of traffic lights –  green, yellow, and red lights.  The northbound turn lane also has its own green and yellow lights.  

These outputs will be designated GN, YN, RN, GS, YS, RS, GE, YE, RE, GW, YW, RW, GT, YT.

The Design

The states of the Moore Machine are defined as follows:

· S0 – (This will serve as the default state)  RN, RS, GE, GW are on (rest are off)

· If INS is high, go to S1
· If INS is low, remain in S0
· S1 – RN, RS, YE, YW are on (rest are off)

· Always go to S2
· S2 – GN, RS, RE, RW, GT are on (rest are off)

· Go to S3
· S3 – GN, RS, RE, RW, YT are on (rest are off)

· Go to S4
· S4 – GN, GS, RE, RW are on (rest are off)

· If IEW is high, go to S5
· If IEW is low, stay in S4
· S5 – YN, YS, RE, RW are on (rest are off)

· Go to S0
Draw the state diagram for this traffic controller circuit:

Now fill out the state transition table given below.

	Current State
	Logic Inputs - INSIEW

	
	00
	01
	10
	11

	S0
	
	
	
	

	S1
	
	
	
	

	S2
	
	
	
	

	S3
	
	
	
	

	S4
	
	
	
	

	S5
	
	
	
	


Use this transition table and the given state assignments to fill out the next state table below.

	Current State
	State
	A+B+C+
Next State Values for

Logic Inputs - INSIEW

	
	A
	B
	C
	00
	01
	10
	11

	S0
	0
	0
	0
	
	
	
	

	S1
	0
	0
	1
	
	
	
	

	S2
	0
	1
	1
	
	
	
	

	S3
	0
	1
	0
	
	
	
	

	S4
	1
	1
	0
	
	
	
	

	S5
	1
	0
	0
	
	
	
	


Now make the truth tables for A+, B+, and C+.

	Current State
	
	Next State A+
	
	Next State B+
	
	Next State C+

	A
	B
	C
	
	00
	01
	10
	11
	
	00
	01
	10
	11
	
	00
	01
	10
	11

	0
	0
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0
	0
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0
	1
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	0
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	0
	1
	
	X
	X
	X
	X
	
	X
	X
	X
	X
	
	X
	X
	X
	X

	1
	1
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	1
	1
	
	X
	X
	X
	X
	
	X
	X
	X
	X
	
	X
	X
	X
	X


Now fill in the K-maps for A+, B+ and C+.  This will require a five-variable K-map.  You have two side-by-side four variable K-maps to help you.  Find the equations for the three next state variables.

	A+
A = 0

BC

INSIEW
00

01

11

10

00 

01

11

10

A+ =
	A = 1

BC

INSIEW
00

01

11

10

00 

01

11

10



	B+
A = 0

BC

INSIEW
00

01

11

10

00 

01

11

10

B+ =
	A = 1

BC

INSIEW
00

01

11

10

00 

01

11

10



	C+
A = 0

BC

INSIEW
00

01

11

10

00 

01

11

10

C+ =
	A = 1

BC

INSIEW
00

01

11

10

00 

01

11

10




You have now designed the Moore state machine that will run the traffic controller.  Now you must determine the outputs for the traffic controller.  Fill in the following truth table for the outputs.

	A
	B
	C
	GN
	YN
	RN
	GS
	YS
	RS
	GE
	YE
	RE
	GW
	YW
	RW
	GT
	YT

	0
	0
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0
	0
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0
	1
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	0
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	0
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	1
	0
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	1
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	


First, fill in the K-maps for the green and yellow turn lights.  Find the equations for these two outputs.

	GT
BC

A
0

1

00 

01

11

10

GT =

	YT
BC

A
0

1

00 

01

11

10

YT =


Now fill in the K-maps for the traffic lights on the northbound and southbound streets.  Find the equations for the three outputs.

	GN
BC

A
0

1

00 

01

11

10

GN =
	GS
BC

A
0

1

00 

01

11

10

GS =

	YN
BC

A
0

1

00 

01

11

10

YN =
	YS
BC

A
0

1

00 

01

11

10

YS =

	RN
BC

A
0

1

00 

01

11

10

RN =
	RS
BC

A
0

1

00 

01

11

10

RS =


You may have noticed that the outputs for the east- and westbound streets are the same.  It will save you time and power to use the same circuits to drive them both.  Now fill in the K-maps for the traffic lights on the these streets.  Find the equations for the three outputs.

	GEW
BC

A
0

1

00 

01

11

10

GEW =

	YEW
BC

A
0

1

00 

01

11

10

YEW =

	REW
BC

A
0

1

00 

01

11

10

REW =


Simulation

You must now build this circuit in Logic Works using D flip-flops with Set and Reset.

We only have three-input NAND gates, as opposed to AND gates, so convert your equations to NAND-NAND circuits before you start building the schematic.

Use the TI Logic Chip parts in Logic Works (i.e., the flip-flop is 74_74). These show the pin numbers for each of the chips, and this will be very helpful when you have to build the circuit.

To see the results more clearly, it is recommended that you use the corresponding color of LED for each of the outputs.  You do not have to lay these out in a manner that looks like a stop light, but have them grouped together so that they are easy to read.

Check the timing diagram for the circuit to make sure that it does the right thing.

Print out the schematic from Logic Works so that you can refer to it while you build your circuit.

Building The Circuit

Now you must build the traffic controller. You will have access to any of the TI logic chips that are available, as well as LEDs and resistors.

You must connect the LEDs and resistors as was demonstrated in class. If you do not connect them correctly, too much current may damage the LEDs.

Use a dipswitch for the two inputs, IEW and INS.

Be very, very careful when you build the traffic controller. It is very intricate and there are many places where you may run into trouble.

Expectations

You must have the traffic controller completed by noon on Friday. You will have all day Wednesday, all day Thursday, and the morning on Friday to complete the circuit.

The circuit must run efficiently and effectively with a clock of 1 Hz.

You will need to manage your time wisely, since this is also the only time you are given to make the video you were assigned last week. Both of things must be completed by lunchtime on Friday. We will be checking up on you to make sure that you are on-task during this time.

Making the Video Project

We are in need of a short video that we can use to introduce younger students to the world of electrical engineering. Your assignment is to create your very own informational video about what you have learned during your experience at the PEER Summer Camp.

In this project, you and your partner get the chance to be the writer, director, photographer, and editor of your very own movie. The movie should be two minutes long, and should include the following:

· Interesting information about electrical engineering

· Both videos and still images

· Music

· Titles overlaid on images

· Titles and credits

You will use Windows Movie Maker to create this video. We will have a quick introduction to this program next Tuesday.

The video must be completed by Friday June 23 and ready to be premiered at our very own film festival on Friday afternoon.

You must complete the following steps by the given date:

	Monday July 19
	Determine who you will be working with for the duration of the project and formulate an idea for the general topic of your video.



	Tuesday July 20
	Complete the storyboards for your video, so that you have an idea of what images, video, and other supplies you will need.



	Thursday July 22
	Video editing must be completed by 5:00 pm on Thursday.

 

	Friday July 23 am
	All video rendering must be done during this time.



	Friday July 23 pm
	Film Festival where all videos will be premiered.


Be creative! Your video must be relevant to electrical and computer engineering and anything you have learned at the PEER Summer Camp, but the possibilities are endless!

Some thoughts:

· You should use fun graphics and text to illustrate your information. You can download images or video off the web, or you can check out a camera from one of the instructors.

· You should also consider using music as background for your video. You can use up to thirty seconds of a single song continuously without permission.

· You can also include your own narration or video of you, if you feel comfortable making video using a digital camera.
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Advanced Circuits and VLSI

CMOS Transistors & Logic
CMOS Transistors

Logic gates must be built out of smaller electrical devices called transistors. We usually use CMOS transistors to build our circuits.

What does “CMOS” stand for?

CMOS transistors are built by layering conducting, insulating, and semiconducting materials to create a sandwich-like, capacitive structure.

There are two types of CMOS transistors: nMOS and pMOS.
nMOS:


[image: image202]
pMOS:


[image: image203]
N-Type Transistors
This is the symbol for a n-type transistor. Label the three inputs in the diagram below.


[image: image204]
N-type transistors are voltage-controlled switches.

When the voltage on the gate, Vg, is 0, the switch is open:

	
	Vg = 0


	

	S
	[image: image205.emf]


	D


When the voltage on the gate, Vg is 1, the switch is closed:

	
	Vg = 1


	

	S
	[image: image206.emf]


	D


N-type transistors only work very well when the D = 0. An n-type transistor would never be able to pass a good logic 1. So we need something else.

P-Type Transistors
This is a P-type transistor. The symbol for a p-type transistor is only slightly different from that of an n-type, since it has the inverting bubble on the input. Label the three inputs in the diagram below.


[image: image207]
P-type transistors are also voltage-controlled switches, they just turn on at opposite times.

When the voltage on the gate, Vg, is 1, the switch is open:

	
	Vg = 1


	

	S
	[image: image208.emf]


	D


When the voltage on the gate, Vg is 0, the switch is closed:

	
	Vg = 0


	

	S
	[image: image209.emf]


	D


P-type transistors pass very strong logic 1’s, so they are usually connected to our voltage source, Vdd.

We will use both n-type and p-type transistors to build gates.

Draw the switch model for a simple inverter below.

Draw the corresponding transistor model of the inverter.

Fill out the tables below by analyzing each transistor circuit. What functions do these gates represent?

	
[image: image210]
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What function does this circuit represent?
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What function does this circuit represent?
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What function does this circuit represent?
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What function does this circuit represent?
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What function does this circuit represent?
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What function does this circuit represent?




Rules for Building CMOS Circuits

You should have noticed that the previous equations were all inverted equations. To build the circuit for an equation like (A + B)’, We ignore the inversion, build the circuit for (A + B), and end up with the right equation for (A + B)’.


[image: image216]
1.   There is an n-tree and a p-tree,

2.   Output is taken from the common boundary of the n-tree and the p-tree,

3.   Vdd is always connected to the p-tree,

4.   Vss (Gnd) is always connected to the n-tree,

5.   In the n-tree, serial transistor path = “AND” function,


[image: image217]
6.   In the n-tree, parallel transistor path = “OR” function,


[image: image218]
7.   In the p-tree, serial transistor path = “OR” function,


[image: image219]
8.   In the p-tree, parallel transistor path = “AND” function,


[image: image220]
9.   To form n-p trees for a CMOS circuit, n-tree should be formed first according to the inversion of the given logic function. Then form the counterpart p-tree by replacing the serial paths in the n-tree with parallel paths in the p-tree, and the parallel paths in the n-tree with serial paths in the p-tree.
Compare the N-tree and P-tree of this circuit.

	N-Tree


[image: image221]
	P-Tree


[image: image222]


Always start with an inverted equation. If the equation is (A + B), build the circuit for (A + B)’ and then put an inverter on the output.

Implement the following equation using transistors.

[(A + B)·C + D]’

Implement the following equation using transistors.

[A·B + C·D]’

Implement the following equation using transistors.

[(A + B·C)·D + E]’

Implement the following equation using transistors.

[(A·B + C + D) + E·(F + G)]’

Implement the following equation using transistors.

[A·B +C’·(D·E’ + X·Y)]’

Implement the following equation using transistors.

C’·(A + B) + X·(D·E’ + Y)

What Boolean equation does this circuit represent?

[image: image223.emf]
CMOS Inverter

The inverter is the simplest CMOS gate.

	
[image: image224]
	
[image: image225]


Basic Behavior:

· When A = 0, only pMOS is conducting, so output is connected to Vdd (logic = 1)

· When A = 1, only nMOS is conducting, so output is connected to ground (logic = 0)

· Output is driven by strong signals for both 1 and 0

Inverter behavior is not quite this perfect. A might not always be a perfect 0 or a perfect 1.

Draw the graph that shows the correct Vout in response to the Vin values of the inverter. Label the part of the curves that would be interpreted as a logic 1 and as a logic 0.

If you build your circuit correctly, there will never be a connection from Vdd to ground! But if you build it wrong…

Why would this be a problem?

CMOS Transistors

CMOS Transistors are made out of Silicon.

How many protons and electrons does Silicon have?

How many valence electrons does Silicon have?

Draw the shell diagram for a Silicon atom.

Silicon atoms tend to share electrons in the four atoms surrounding it. It forms a lattice structure like this:

[image: image226.emf]
In this form, Silicon will not conduct electricity. Why?

We need Silicon to conduct, so we mix it with something else. This is called doping.

Doped Silicon to Form N-Type Semiconductor Material

For N-type material, Silicon is mixed with either arsenic (As) or phosphorous (P).

How many electrons does Arsenic have?

Draw the shell diagram for an Arsenic atom?

How many electrons does phosphorous have?

Draw the shell diagram for an Arsenic atom?

Why is this number of electrons important to us?

When Arsenic and Phosphorous are added to the Silicon, the layout of the electrons is different from pure Silicon. Circle the extra electrons in the following diagram.

Phosphorous-doped Silicon

[image: image227.emf]
When Arsenic is used, the atomic structure is basically the same.

These extra electrons can break free of their atoms and wander around the Silicon freely. We can use voltages to make these electrons move where we want them to go.

	[image: image228.wmf]
	Fact: If you add only 1 Phosphorous atom for every 1.6 million Silicon atoms in a sample you can effectively reduce the resistance of the  sample from tens of MΩ to approximately 1 Ω.


Doped Silicon to Form N-Type Semiconductor Material
For N-type material, Silicon is mixed with either arsenic (As) or phosphorous (P).

How many electrons does Boron have?

Draw the shell diagram for a Boron atom?

Why is this number of electrons important to us?

When Boron is added to the Silicon, the layout of the electrons is different from pure Silicon. Circle the holes in the following diagram.

Boron-doped Silicon

[image: image229.emf]
P-N Junction

When we put a piece of N-type material next to a piece of P-type material, we end up with a P-N junction.

Draw arrows on the diagram below to represent recombination.


[image: image230]
Define recombination.

What eventually stops recombination from occurring?

Label the depletion region in the following diagram.


[image: image231]
What happens to a hole in N-type material when we apply a voltage across the material? Draw arrows on the diagram below to show where the electrons move.


[image: image232]
This is essentially the same thing as saying that the hole has moved in the material.


[image: image233]
So what happens when we apply an external voltage to the PN Junction?

Draw arrows to indicate direction of electron movement in the PN Junction. Label all three sets of movement.


[image: image234]
Draw an arrow on the above diagram that indicates direction of current.

If you apply the voltage the other way, it is much harder to get electrons in to fill the holes in the P-type material. Therefore, current can only flow in one direction.

What device consists of a single PN Junction?

nMOS Transistor

The nMOS transistor is built out of metal, oxide, and doped Silicon. A basic transistor looks like this:


[image: image235]
Notice that the doped regions are labeled n+ and p-. What do the plus and minus represent?

The gate is basically a sandwich of metal, oxide, and silicon. What kind of device does this act like?

When Vg is greater than the threshold voltage of the device, it pulls electrons up through the p- region. A layer of electrons forms near the gate. This is called the channel. Now current can flow between the drain and the source.


[image: image236]
For the nMOS transistor, the source is always the terminal with the lower voltage. Usually, the source will be connected to ground. The drain will always have the higher voltage.

Voltage Response of nMOS Transistors

There are two important voltages for nMOS behavior.


[image: image237]
· Vgs – The gate-source voltage creates the conducting layer of electrons in the channel.

· Vds – The drain-source voltage is responsible for getting those electrons to move through the channel to create a current between the drain and the source.

Three Regions of nMOS Transistor Behavior
	[image: image238.emf]
	Cutoff Region

Occurs when Vgs < Vt 

Ids = 0 A

In the cutoff region, the transistor is off.

	[image: image239.emf]
	Linear Region

Occurs when Vgs - Vt > Vds 

Ids increases linearly

In this region, the channel is resistive, so the channel current is a function of both gate and drain voltage.

	[image: image240.emf]
	Saturation Region

Occurs when Vgs - Vt < Vds

Current is related to Vgs, not Vds

In this region, current Ids becomes a function of the gate voltage and is independent of the drain voltage. Drain and source are no longer connected.


Threshold Voltage and Three Regions of nMOS Transistor Behavior

Draw the curve for Vd vs. Vgs and label the cutoff region, linear region, saturation region, and threshold voltage.

pMOS Transistor

The pMOS transistor is similar to the nMOS transistor, but behaves in the opposite way.


[image: image241]
Transistor Regions of Operations

Label the source and drain of each transistor. Indicate which region of operation the transistor is in. Assume that Vt = 1 V for nMOS and Vt = -1 V for pMOS.
	[image: image242.emf]
	[image: image243.emf]

	[image: image244.emf]
	[image: image245.emf]

	[image: image246.emf]
	[image: image247.emf]

	[image: image248.emf]
	[image: image249.emf]


1st and 2nd Order Effects

In your own words, what dose the term ‘turn on’ mean with a transistor?

Draw the threshold curves for the nfet and pfet transistor with the space provided below. Label both x and y axes.  Identify which is the nfet and pfet on the line below each graph. 
[image: image250]
____________________________             ___________________________

What would happen to the threshold voltage if you were to increase the doping density of the substrate and why?

If the temperature increased on a transistor would happen to the natural doping density and why?

From the list below, sort the list of conditions that affect either Ids or Vt

Channel Width, Gate conductance material, Channel length, Gate insulator material, Dielectric constant of gate oxide, Gate insulator thickness, Thickness of gate oxide, Channel doping, Impurities, Voltage between source and substrate, Threshold voltage, and Carrier mobility
Ids






Vt

________________________


_______________________

________________________


_______________________

________________________


_______________________

________________________


_______________________

________________________


_______________________

________________________


_______________________

Briefly describe the Characteristics of the two current/voltage curve as described in the first order effects.

Looking at the following picture, why might the performance of the transistors be affected by putting them in series?
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In the following diagram, is the transistor ‘on’ before it reaches the point Vt?

Using the same picture, what is happening to this current before the Vt mark?

As a review, please draw a voltage threshold curve, and label the portion that is in saturation.

Why do you think the hole mobility is a third of the electron mobility? How does this affect nfet and pfets?

Why is it bad if the two layers touch (Drain and Source)?

Hot Electrons-Why do you think that hot electrons would be a problem?

Which of the following is not a second order effect?

· Body Effect

· Subthreshold Current
· Voltage Overflow
· Channel Length Modulation

· Mobility Variation
· Saturation
· Fowler-Nordheim tunneling

· Punch-Through
· Keepers
· Hot Electrons
What is the current trend in technology that is adding to the complexity of making and ensuring that transistors work?

Pick one of the 2nd order effects, describe what it is, why it is an issue, and if there is anything currently that can be done about it.

Pick on of the Deep-submicron-effects and describe what it is, why it is an issue, and if there is anything that can be done to reduce or illuminate it.

Fill in the blanks to complete the words

P_ _A_ _T_ _    RES_ _ _A_ _ _

S_ _ _ _ _    _ _ _ _NEL   _ _ _ _ _T

_ _ _ _ _     _ _ _ _ _ED    _ _RR_ _ _    _ _ _ _RING

_ _ _FACE    _ _ _ _LITY    _ _GRAD_ _ _ _ _

What do the above words have in common?

Transistor Fabrication

Vocabulary

Match these words with the following definitions:


Implantation

Oxidation

Deposition


Etching

Photoresist

Mask

	
	A piece of glass or plastic printed with a pattern specific to a layer of the transistor design.

	
	

	
	This is achieved by heating silicon wafers in an atmosphere rich with oxygen or water vapor.

	
	

	
	Place or settle a layer of atoms along the surface of the wafer.

	
	

	
	Process of removing the top layer(s) from the wafer surface through the openings in the photoresist pattern. Acids or plasmas can be used to remove these layers.

	
	

	
	Subjecting Silicon substrate to highly energized donor or acceptor atoms (Boron or Phosphorous). The donor atoms get enough energy that they will be absorbed into the Silicon material to make a p- or n-type region.

	
	

	
	This is a light-sensitive material that protects the part of the wafer that should not be affected by the current step of the fabrication process.

	
	


Fabricating a Transistor

This diagram shows two transistors: an nMOS transistor and a pMOS transistor in an n-well.


[image: image253]
A few notes before we talk about how this is made:

· The gate is made out of a polysilicon material that is conductive

· The transistors are connected by metal layers above the other layers of the transistors.

· These metal layers are connected to the gate, drain, and source of the transistor by contacts

· Metal layers are connected to each other through “vias”

Basic Steps of an N-Well CMOS Process

The images for each step include the diagram on the left and the mask used on the right.
Start with a p-type Silicon wafer.


[image: image254]
1. Use the n-well mask to define the n-well region. Implant the uncovered region with Phosphorous or Arsenic ions.


[image: image255]
2. Oxidation - Grow a thin later of SiO2 to define the transistor gate area. These regions are then covered with SiN.


[image: image256]
3. Dope the uncovered regions outside of the n-well with  p+ regions that will act as buffers between transistors.


[image: image257]
4. Grow a thick oxide layer everywhere outside the active regions. This will become a p+ region between the active layers on the wafer.


[image: image258]
5. Create polysilicon layer to create the gate for each of the transistors.

a. Remove the Nitride cover from the gate oxide.

b. Deposit the photoresist layer and use mask to create gate pattern.

c. Grow polysilicon.


[image: image259]
6. Implant n+ regions of nMOS transistors and nMOS polysilicon.


[image: image260]
7. Implant p+ regions of the pMOS transistors and pMOS polysilicon.


[image: image261]
8. Make contacts to connect other layers to the first metal layer.

a. Cover the entire surface with SiO2

b. Etch SiO2 down to the surface of the n+ or p+ regions to create the source and drain contacts


[image: image262]
9. Deposit a metal layer in the correct pattern to form wire connections and contacts.


[image: image263]
10. The chip is finalized and protected aggress contaminants.

EM

What does EM stand for?

What is the big problem of EM?

What are three conditions that you should check for to ensure or help reduce EM?

1)

2)

3)

INTRODUCTION TO UNIX

Introduction(read all of the following)


Welcome to the world of Unix. To some of you this my by old news and to others this may be a whole new world. Some history on Unix. Unix has been a popular operating system for about two decades now. It is popular for its multi-user, multi-tasking environment, stability, portability, and powerful networking capabilities. A short flow chart of the development of Unix is as follows:
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The Unix version that CSU is currently running is a graphic based system.

With your user name and password please try to log in. Let us know if you have any problems. Careful, if you try too many times, it will result in you having to take a ‘time out’ before you can try again. Once you log in, please open a terminal. 

This can be done one of two ways(I am sure there are more). You can right click on the terminal, select console(some systems may have a different menu option). Or use the redhat/main menu and select System tools->terminal. 

In the terminal you can open any program, close any program, sort files, and do much more. Type the following commands and see what happens? Fill in the lines below each command with a short reminder of what the command does.

· echo hello world[image: image265.png]


 
__________________________________________
· date[image: image266.png]


 
__________________________________________
· hostname[image: image267.png]


 
__________________________________________
· uptime[image: image268.png]


 
__________________________________________
· who am i[image: image269.png]


 
__________________________________________
· who[image: image270.png]


 
__________________________________________
· id[image: image271.png]


 
__________________________________________
· last[image: image272.png]


 
__________________________________________
· w[image: image273.png]


 
__________________________________________
· top[image: image274.png]


 (you may need to press q to quit) 
__________________________________________
· man ls[image: image275.png]


 (you may need to press q to quit) 
__________________________________________

· man who[image: image276.png]


 (you may need to press q to quit) 
__________________________________________
· clear[image: image277.png]


 
__________________________________________ 

· yes please[image: image278.png]


(you may need to press Ctrl-c to quit) 
__________________________________________
· history[image: image279.png]


 
__________________________________________
Following are some commands and how they can be used to help you navigate your file system. 
· pwd (print [current] working directory) 

pwd displays the full absolute path to the your current location in the file system. So 

    $ pwd[image: image280.png]


 
    /usr/bin 

implies that /usr/bin is the current working directory. 
  

· ls (list directory) 

ls lists the contents of a directory. If no target directory is given, then the contents of the current working directory are displayed. So, if the current working directory is /, 

    $ ls[image: image281.png]


 
    bin   dev  home  mnt   share  usr  var 
    boot  etc  lib   proc  sbin   tmp  vol 

Actually, ls does not show you all the entries in a directory - files and directories that begin with a dot (.) are hidden (this includes the directories '.' and '..' which are always present). The reason for this is that files that begin with a . usually contain important configuration information and should not be changed under normal circumstances. If you want to see all files, ls supports the -a option: 

    $ ls -a[image: image282.png]


 

Even this listing is not that helpful - there are no hints to properties such as the size, type, and ownership of files, just their names. To see more detailed information, use the -l option (long listing), which can be combined with the -a option as follows: 

    $ ls -a -l[image: image283.png]


 
      (or, equivalently,) 
    $ ls -al[image: image284.png]


 
  

Each line of the output looks like this:
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where: 

· type is a single character which is either 'd' (directory), '-' (ordinary file), 'l' (symbolic link), 'b' (block-oriented device) or 'c' (character-oriented device). 

· permissions is a set of characters describing access rights. There are 9 permission characters, describing 3 access types given to 3 user categories. The three access types are read ('r'), write ('w') and execute ('x'), and the three users categories are the user who owns the file, users in the group that the file belongs to and other users (the general public). An 'r', 'w' or 'x' character means the corresponding permission is present; a '-' means it is absent. 

· links refers to the number of file system links pointing to the file/directory (see the discussion on hard/soft links in the next section). 

· owner is usually the user who created the file or directory. 

· group denotes a collection of users who are allowed to access the file according to the group access rights specified in the permissions field. 

· size is the length of a file, or the number of bytes used by the operating system to store the list of files in a directory. 

· date is the date when the file or directory was last modified (written to). The -u option display the time when the file was last accessed (read). 

· name is the name of the file or directory. 


ls supports more options. To find out what they are, type: 

    $ man ls[image: image286.png]


 

man is the online UNIX user manual, and you can use it to get help with commands and find out about what options are supported. It has quite a terse style that is often not that helpful, so some users prefer to the use the (non-standard) info utility if it is installed: 

    $ info ls[image: image287.png]


 
  

· cd (change [current working] directory) 

    $ cd path 

changes your current working directory to path (which can be an absolute or a relative path). One of the most common relative paths to use is '..' (i.e. the parent directory of the current directory). 

Used without any target directory 

    $ cd[image: image288.png]


 

resets your current working directory to your home directory (useful if you get lost). If you change into a directory and you subsequently want to return to your original directory, use 

    $ cd -[image: image289.png]


 
  

· mkdir (make directory) 

    $ mkdir directory 

creates a subdirectory called  directory in the current working directory. You can only create subdirectories in a directory if you have write permission on that directory.
· rmdir (remove directory) 

    $ rmdir directory 

removes the subdirectory directory from the current working directory. You can only remove subdirectories if they are completely empty (i.e. of all entries besides the '.' and '..' directories). 
  

· cp (copy) 

cp is used to make copies of files or entire directories. To copy files, use: 

    $ cp source-file(s) destination 

where source-file(s) and destination specify the source and destination of the copy respectively. The behavior of cp depends on whether the destination is a file or a directory. If the destination is a file, only one source file is allowed and cp makes a new file called destination that has the same contents as the source file. If the destination is a directory, many source files can be specified, each of which will be copied into the destination directory. 
  

· mv (move/rename) 

mv is used to rename files/directories and/or move them from one directory into another. Exactly one source and one destination must be specified: 

    $ mv source destination 

If destination is an existing directory, the new name for source (whether it be a file or a directory) will  be destination/source. If source and destination are both files, source is renamed destination. N.B.: if destination is an existing file it will be destroyed and overwritten by source (you can use the -i option if you would like to be asked for confirmation before a file is overwritten in this way). 
  

· rm (remove/delete) 

    $ rm target-file(s) 

removes the specified files. Unlike other operating systems, it is almost impossible to recover a deleted file unless you have a backup (there is no recycle bin!) so use this command with care. If you would like to be asked before files are deleted, use the -i option: 

    $ rm -i myfile[image: image290.png]


 
    rm: remove 'myfile'? 

rm can also be used to delete directories (along with all of their contents, including any subdirectories they contain). To do this, use the -r option. To avoid rm from asking any questions or giving errors (e.g. if the file does not exist) you used the -f (force) option. Extreme care needs to be taken when using this option - consider what would happen if a system administrator was trying to delete user will's home directory and accidentally typed: 

    $ rm -rf / home/will[image: image291.png]


 

(instead of rm -rf /home/will). 
  
· chmod (change mode)
      $ chmod <file> <permissions>

changes the mode on the file indicated. This will enable you to change the permissions on a file. As 

The classes are used to distinguish the users to whom the permissions apply. They are represented by one or more of the following letters:

u (user), which represents the permissions granted to the owner of the file, 

g (group), which represents the users who are members of the file's group, and 

o (others), which represents any users who are not the owner of the file or members of the group, or 

a (all), which represents all three of the above. 

The modes indicate which permissions are to be granted or taken away from the specified classes. There are three basic modes that correspond to the basic permissions:

r (read), which grants the ability to read the contents of a file or list a directory's contents, 

w (write), which grants the ability to modify the contents of a file or modify contents in a directory, 

x (execute), which grants the ability to execute a file or recurse a directory tree, and 

X (special execute), which grants the ability to execute similar to execute, but only applies to directories or files that already have the execute permission set so as to allow users to allow traversal of large directory trees. 
Finally, the chmod program uses an operator to specify how the modes of a file should be adjusted. The following operators are accepted:

+, which adds the specified modes to the specified classes, 

-, which removes the specified modes from the specified classes, and 

=, which means that the modes specified are to be made the exact modes for the specified classes. 

The combination of these three components produces a string that is understood by the chmod command. Multiple changes can be specified by separating multiple symbolic modes with commas.

For example, the following command would be used to add the read and write permissions to the user and group classes of a file or directory named sample:

$ chmod [options] ug+rw sample

Octal numbers

See also: Octal notation of file system permissions 

The chmod command also accepts three- and four-digit octal numbers representing modes. See the article mentioned above for more information about octal notation.

An example of the chmod command using a four-digit octal number to set the modes of a file or directory named sample:

$ chmod [options] 0664 sample
chmod +r file – read is added for all 

chmod -x file – execute permission is removed for all 

chmod u=rw,go= file – read and write is set for the owner, all permissions are cleared for the group and others 

chmod +rw file – change the permissions of the file file to read and write for all. 

chmod -R u+w,go-w docs/ – change the permissions of the directory docs and all its contents to add write access for the user, and deny write access for everybody else. 

chmod 666 file – read and write access to the owner, the group, and all others.

chmod 0755 file - Equivalent to u=rwx,go=rx. The 0 specifies no special modes. 

chmod 4755 file - The 4 specifies set user ID. 

find path/ -type d -exec chmod a-x {} \; - sets a-x for all directories in tree starting from path/ (use '-type f' to match files only). 

Try changing the permissions on a file. Use both the octal and letter format.

QUESTION-what would the codes be if you wanted to add the following permissions? Assume that currently there are no permissions set, therefore no one has any access

U rw  Grwx  Orwx  

Letter format_______________________

Octal ___________________________

U rwx Gr 

Letter format_________________________

Octal_______________________________

Assume all permissions are set and your are taking away functionality. The following are the ones you want set.

Urw   Gx  Ox

Letter format__________________________________

Octal________________________________________

Urwx Gw Orw

Letter Format____________________________________

Octal__________________________________________

Gate Sizing

Identify the following Gate
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________________________

Given Wp=2Wn what are the sizes of the two gates?
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Is this the final answer?

What gate dose the following transistor diagram show?


[image: image294]
_________________________________

Given that Wp=3Wn, what are the approx size of the gates?
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What logic gate does the following transistor diagram depict?
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__________________________

Given that Wp=2Wn what are the approx sizes for each gate?
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Using the transistor diagram as shown, please write the equation that is implemented. In addition write the gate sizes for the two cases

One: Wn=Wp

Two: Wn=3Wp
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What equation is implemented?______________________________________________

Case One: Please fill in the sizes
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Case Two: Please fill in the sizes


[image: image300]
Using the transistor diagram as shown, please write the equation that is implemented. In addition write the gate size with the assumption 3Wn=Wp
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What equation is implemented?___________________________________

Write the gates sizes next the appropriate gate
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First identify the following circuit. What is the input capacitance and logical effort of the following circuit? 
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What gate is this?____________________

What is the ratio between the p and n trees?________________________

What is the input capacitance?__________________________

What is the logical effort for the following circuit?______________________

Try this example
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Resistance and Capacitance

When we have a bunch of wires running around in a chip, we have to consider the effect of resistance and capacitance between those wires.

Parasitic Resistance

There are three sources of resistance in a transistor.

How can we find the resistance of the following piece of metal?

What are some typical sheet resistances (Ω/sq) for conductors?

	Material
	Typical Rs

	Intermetal (M1 – M2)
	

	Top Metal (M3)
	

	Polysilicon
	

	Silicide
	

	Diffusion
	

	Silicided Diffusion
	

	N-Well
	


For an interconnect track that is 2µm wide and 100 µm long, the resistances for different materials is:


Poly:


Diffusion:


N-Well:


Metal 1:

The channel resistance is based on the gate-source voltage and the threshold voltage. What is the equation for channel resistance?

The typical values for this resistance range from 1000 Ω/sq to 30 KΩ/sq.

Resistance of wires is based mainly on shape.

Look at the following shapes:


[image: image305]
Rank them from least resistive to most resistive:

	Least Resistive
	
	
	
	Most Resistive

	
[image: image306]

	A
	
	
	
	


Contact Resistance

· A contact is usually a very small area, but it carries a lot of current

· Contact resistance is based on area

· Typical contact resistance is about 2.5 Ω

· To limit resistance but protect contacts from other adverse effects, we establish a set size for our contacts

Parasitic Capacitance

There are many sources of parasitic capacitance in a transistor. Draw in the capacitors in the following diagram to represent our sources of parasitic capacitance.


[image: image307]
The total gate capacitance is Cg = Cgd + Cgs + Cgb

Why is capacitance a problem in a transistor? Think back to capacitance behavior when a signal changes quickly.

IC Layout Rules

Now that you have seen several layouts of inverters please draw two different IC layouts for inverters. Please be as detailed as possible! Label inputs and outputs as well as ground, vdd and the different layers.

One layout

Two layout

Draw a nor or nand gate layout. Again be as detailed as you can. Label everything!!

Identify the following gates. (hint-you have seen all of these before!) Draw the transistor diagram to the right of each IC layout, and write the function of the gate on each line
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Static Logic

What are the four different types of static logic?

1)_________________________________

2)_________________________________

3)_________________________________

4)_________________________________

What are two good traits of Static Logic?

1)

2)

What are two less desirable traits of Static Logic?

1)

2)

Draw the complementary logic of the following equations. 

(AB+C)*D=F

What is the p-fet in static Pseudo-nMOS circuit doing or responsible for?

 i.e. Why is it there?

Draw the following equation as a Pseudo-nMOS

Z=(A*(B+C)+(D*E))’

Z=((A+B)*C*(DE+AB))’

Which of the two implementations of Pseudo-nMOS is a better implementation and why?

Name one good and one positive trait of Pseudo-nMOS

Good Trait______________________________________

Bad Trait_______________________________________

When is Pseudo-NMOS used?

1)_______________________________________________________________

  ________________________________________________________________

2)________________________________________________________________

  _________________________________________________________________

Would it be realistic for me to ask you to draw a transmission gate intensive logic? Is so or not please explain.

Draw the general set up for the CVSL

Draw the following formulas in CVSL

Z=((A+B*C)*A+B*D)’

Z=(A+(BD+C)*D)’

What is the purpose of the cross connected pfets on the top of CVLS?

Write one good trait and one not so good trait about CVLS.

1. Map the following logic function to 
    *    Static CMOS logic 
    *    Pseudo-nMOS logic 
    *    CVSL 
You can have up to 4 transistors in series. 
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PTL

Draw the corresponding BDDs for the following functions

A+B=F

A*B+C=F

(A+B)*C=F

A(CD+EF)+B=F

C*(AD+B*(FG+A))+E=F

Why would simplifying the BDD diagram help with the performance and power consumption?

For the following BDDs please write the corresponding equations
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Take the following equation and draw the BDD along with the transistor diagram.

1)     A+B*C=F

Draw the Binary Decision Diagram

Draw the transistor Diagram

2)  F((C+B)+DE)=X

Binary Decision Diagram for the Equations

Transistor Level Diagram

3)   (A*B*C+D)*E+A+AF=F

Binary Decision Diagram for the equations(simplify if needed)

Draw the transistor Diagram

Simplify the following Binary Decisions Diagrams

1)
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2)


[image: image325]
3)

[image: image450.jpg]



[image: image326]
Dynamic Logic

What are the five different types of dynamic logic?

1)__________________________________________

2)__________________________________________

3)__________________________________________

4)__________________________________________

5)__________________________________________

Name one problem that dynamic logic tries to fix?

For a ripple through circuit, name one reason it is better than static and one problem it has.

How many phase does ripple through have? What are they?

What are the two different types of ripple through? How are they different?

For the following equations draw the ripple through dynamic logic of the circuit, one of each form (the two forms should be listed in the question above).

1) A+B+C=F

N-tree

P-tree

2) A+B+C*D+D*A=F

N-tree


P-tree

Can an N tree be connected to an N tree?
If you answered incorrectly, please clarify why your answer was wrong.

Draw the following equation utilizing ripple through.

F1=A+B+C*D

F2=AB+F1+DA

How dose the results of cascading a ripple through dynamic logic circuit affect performance and size?

How is pre-charge different than ripple through?

Name one advantage and one disadvantage of pre-charge dynamic logic.

Advantage…..

Disadvantage….

What advance of domino logic makes it different/ or an advance of pre-charge dynamic logic?

Draw the following equation utilizing domino logic. Use a two-stage n-tree logic

AB+C=F1

F1*D+A+C=F2

What is the one addition that clocked CMOS adds to domino logic?

What does NORA stand for/aka short for?

What problem does NORA solve?

Draw the following circuit as a NORA.

A+B*C=F

List one reason why we use Dynamic Logic.

List one reason that Dynamic is not well suited for.

1. Map the following logic function to 
    
    *    Pass transistor logic 
    *    PE logic 
    *    Domino logic, and list one case of charge sharing in this implementation, 
    *    NORA logic  
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